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PREFACE . 


HE research described in the following pages was 

carried out at the Psychological Laboratory of 

| University College, London. Its aim—a psycho- 
logical study of what has been called ‘ mechanical ability ' 
or the ‘mechanical sense ’—divides naturally into two 
parts, viz. (т) a qualitative one concerning the psycho- 
logical nature of this ‘ability’, and (2) a quantitative 
one concerning the way in which it may be rightly said 
to exist and be measured. : 

The former—qualitative—part of the problem has 
involved the introspective analysis of a variety of tests. 
My best thanks are due to all who have been good enough. 
to undergo the tests for this purpose, and especially to 
Mr. J. C. Flugel, Mr. H. S. Perera, and Dr. 11. Wynn 
Jones for their very full and helpful introspections. 

To pursue the quantitative side of the problem it was 
necessary to give the tests to a large number of subjects, 
both trained and untrained in engineering work. “Here I 
would tender thanks to Mr. F. Charles, Head Master of 
the Day. School, City of London College, for permission 
to carry out some of the earlier work at his School; to 
the L.C.C. Education Committee and to Mr. W. H. A. 
Dockerill, Head Master of the Kenmont' Gardens L.C.C. 
(Boys) School, for similar permission to give the tests to 
pupils of the latter school. I have also to thank Mr. 
Dockerill and his staff for much valuable information 
regarding their pupils. The final experiments were 
carried out at the Boys' Wing School, R.A.F., Cranwell, 

v 


vi MECHANICAL APTITUDE 


by the kind permission and arrangement of Colonel I. 
Curtis, Educational Adviser to the Air Ministry, and Mr. 
H. A. Cox, Head Master of the School. To Colonel Curtis 
Iam also indebted for the valuable data respecting his own 
Mental Efficiency Test, and the Passing Out Examination, 
which are here published by permission of the Air Council. 
For help in checking calculations and correcting proofs 
I have to thank Miss D. Draycon and my wife. 

Above all I wish to acknowledge my debt to Professor 
C. Spearman, whose helpful suggestion and criticism has 
been freely given throughout. Without the two instru- 
ments of research which he has su 


pplied, namely the 
criterion for a single common factor, and the principles 
of cognition, the successful prosecution of the problem 
would have been impossible. 


Уу 
October 1928 
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CHAPTER I 


INTRODUCTORY 
SOCIAL IMPORTANCE OF MECHANICAL INVENTION 


HE twentieth-century civilized man, faced with 
| the products of mechanical invention at almost 
every turn, will need no argument to convince 
him how greatly he depends for his material comfort and 
prosperity on the mechanical genius of his age. This alone 
would render the work of the engineer worthy of our 
admiration and respect, and would fully justify any 
attempt to bring psychological knowledge and experi- 
ment to bear on some of the problems of this great industry. 
But there is an even greater good which this same genius 
may take to its credit, namely the uplifting influence it 
has exercised on social life. This debt which man’s higher 
spiritual welfare owes to mechanical invention may be 
less evident, but is no less real. To appreciate something 
of it we have but to reflect for a moment on the far-reaching 
effects which such inventions as the steam engine and 
the printing press have had on the minds and social 
activities of the people. 

Some inventions, like the artificial limb and the cleverly 
devised surgical instrument, have been directly enlisted 
in the cause of humanity; others, like the telescope, 
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have greatly increased man's knowledge ; while others, 
yet again, such as the locomotive, have so enriched man's 
experience as to contribute in no small measure to his 
education and social development. Even those inventions 
which seem to serve merely his material needs have eased 
the struggle for existence, and so afforded him greater 
leisure in which to develop his higher spiritual life. Clearly, 
then, mechanical invention not only promotes material 
prosperity—important as this may be; it also subserves 
man's higher ethical purposes. 

If further evidence of the debt which society owes to 
mechanical invention is needed, it is provided by the fact 
that not only our present prosperity and progress, but our 
very civilization itself, rests on man's ability to tap, and 
turn into useful channels, the natural sources of energy 
aroundhim. This, in the majority of cases, means convert- 
ing such energy into mechanical energy. The great 
material advance of the last hundred years has been almost 
entirely due to the invention of mechanical devices whereby 
the enormous energy dormant for centuries in our coal- 
fields could be harnessed to the service of mankind. 
Evidence of the far-reaching effects on social life which 
man’s accession to this vast power has brought about, is 
to be found on every side—in the cheap books which have 


facilitated popular education, and the newspapers which 


have made possible a rapid interchange of ideas and 


opinions, in the factories which have created large towns 
with all the advantages of corporate life, and in the greatly 
improved standard of living generally. In the case of 
our greatest mechanical invention—the steam engine— 
its influence on the life of the people can hardly be over- 
tated. Indeed, one authority has gone so far as to say: 

The conversion of thermal energy into mechanical energy, 
first practically effected by the invention of the steam 
engine, has brought about in a single century more per- 
manent change in the manner of living, and even in the 
habits of thought of the inhabitants of the world, than 
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any combination of political, social, or personal influences 
could have effected.’ 1 


THE HUMAN FACTOR IN ENGINEERING 


Efficiency. The foregoing reflections make it evident 
that engineering can justly claim a unique and important 
place among the industries of the country; so much so 
that it is our duty, as a nation, to spare no pains in main- 
taining the highest possible standards of efficiency in it. 
Among the most potent influences which determine such 
efficiency are those of a psychological nature; and of 
these, the capacity of the worker for the kind of work he 
is called upon to do is one of the most important. 

Variely of Occupation. In engineering, this latter, 
human, factor assumes a special importance on account 
of the great variety of occupations which fall within the 
scope of the industry. These frequently differ from one 
another with respect to the mental and manual operations, 
and the technical knowledge, which they entail. Hence 
there would appear to be great need for vocational guidance 
and selection if the industry is to make the most effective 
use of itsworkers. But before such guidance can be given, 
vocational psychology must considerably enlarge its 
knowledge of the particular aptitudes upon which success 
at these various occupations may depend. 

Originality and Invention. Of such aptitudes, those 
which may be found to underlie the higher intellectual 
and creative work in engineering would seem, for several 
reasons, to merit the closest study and attention. In the 
first place, this industry differs from all others in being 
obliged to invent and make the very machines and tools 
whichit uses. Moreover, it must supply suitable machinery 
to those other industries whose prosperity is now closely 
dependent on the employment of mechanical devices. It 
is therefore essential not only to its own welfare, but also 


1 Prof. Soddy, in Matter and Energy, р. 240. 
2. 
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to that of other industries, that the engineering profession 
should include within its ranks men who are able to supply 
this need. 

Secondly, an object cannot be made until it is invented. 
Consequently although the number employed on purely 
creative work may be relatively few, their work is the very 
breath of life to the rest. 1 

Again, there are many kinds of engineering work which, ` 
although not primarily creative, demand an insight into 
mechanical movement, and require of the worker a certain 
degree of resourceful thinking not entirely unlike mechanical 
invention itself. The draughtsman, the turner, the fitter, 
the worker in the repairs shop, the salesman, and even 
the machine operative, must at times profit by a ready 
grasp of the movements involved in the mechanical objects 
with which their work is associated. Such understanding 
and insight has been attributed by some to a special 
' mechanical sense’, a study of which forms the subject 
of the research described in this book. Without considering 
here whether such a ‘sense’ exists as a special aptitude, 


it evidently has much in common with mechanical 
invention. 


What has been said above about the work of the engineer 


applies largely to that of the engineering student. Much 
of the latter's time is naturally devoted to a study of the 
engineering sciences in which, among other things, he is 
8060 10 acquire а knowledge of mechanical laws and 
mechanical movements. Such work, especially on its 
technical and practical sides, involves the understanding 
and employment of Scientific apparatus, machines and 
оре thinking which the student is called 

Mem to do must therefore relate to mechanical objects. 
M inally, we may look to our great engineers and ask 
at quality of mind was it that made them great. 
to dan аз engineers, must be attributed, primarily, 
field of поту аз original апа ingenious thinkers in the 
ot mechanical invention, Other important qualities 
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of intellect and character they undoubtedly possessed, but 
these alone could hardly have differentiated them from 
the great in other walks of life. 


NEED FOR RESEARCH 

Vocational Guidance. The mere fact of seeing that 
much of the work of the engineer calls for an insight into 
the working of mechanical objects, and a certain measure 
of constructive and original thinking about mechanisms, 
does not enable us to postulate, forthwith, the existence 
of a special unitary power of mind which may be labelled 
‘mechanical ability’, or ‘mechanical ingenuity’, or the 
‘mechanical sense’. It is one thing to examine a piece 
of work—the mind’s finished product—and see that it 
differs from other work in being ingenious, original, etc., 
but quite another to determine whether this work needs, 
for its execution, a special aptitude. However strikingly 
original or ingenious a piece of mechanism may be, this 
fact in itself can never inform us how far the mind that 
produced it owed its power to a special ‘ mechanical sense ’, 
and how far to high ‘ general intelligence ', training, and 
experience. Neither can it tell us how the ' originality ' 
that went to produce it is related to that needed to con- 
ceive a great work of art, or to plan a new system of social 
reform. Only by a careful study of the mental activity 
in question, accompanied by psychological experiments 
especially planned to answer these questions, can we hope 
to arrive at this kind of knowledge. The vital importance 
of such knowledge for vocational guidance and selection is 
obvious. Until we know what are the special aptitudes 
it is impossible to estimate even the possibilities of voca- 
tional guidance, much less employ it with any hope of 
Success. | 
. School Work. A psychological study of the special 
aptitudes that may be involved in engineering is amply 
justified in the light of what has already been said. Its 
urgency is rendered greater by the fact that neither in 
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the elementary and secondary schools nor perhaps even 
in the technical schools does that kind of intellectual 
work which we have seen to be essential in engineering 
appear to receive the attention that its importance 
warrants. 

In the case of the elementary and secondary schools, 
the various subjects of the curricula, as usually taught, 
provide little exercise for the kind of mechanical under- 
standing and insight to which we have referred. Conse- 
quently there is little opportunity of judging whether a 
boy passing on to a course of training for engineering is 
really fitted to undertake such work. This makes it all 
the more necessary to discover what are the special apti- 
tudes (if any) involved, so that if these are not ordinarily 
called for in school work greater provision for their exercise 
and development may be made in future. 

In the case of the technical Schools, although, as we 
have seen, much of the work naturally involves a certain 
measure of thought about mechanical things, it is only 
incidentally that the student is thrown upon his own 
resource and ingenuity. On the theoretical side of his 
course he is required to assimilate the ideas involved in a 
study of the engineering sciences, and to acquire a working 
knowledge of their underlying principles; while on the 
practical side, much of his time is occupied in the execution 
of standard exercises carried out after a practical demon- 
stration by the instructor. Such work must depend on a 
variety of factors. Among them the special aptitudes 
which possibly underlie the intellectual and creative side 
of engineering may be, as it were, interwoven, but find 
little chance of clear and direct expression. Only by 
knowledge gained through a careful study of the mental 
Processes involved in this kind of work and training, may 
we hope to give the student more enlightened guidance 
in his choice of studies and of occupation than seems at 
Present possible. 


* Selection." Notwithstanding the great practical value 
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which a knowledge of the special aptitudes involved in 
engineering would seem to possess, very little serious work 
in this direction has been done sofar. Hitherto, vocational 
psychologists have been concerned with the problem of 
* selection ' rather than that of ‘guidance’. To this end 
they have aimed at discovering tests whereby a person's 
suitability for a specific occupation might be gauged. 
However useful such work has been in the selection of 
applicants for well-defined occupations, it has contributed 
little to the essential problem of vocational guidance. 
For the latter purpose, we usually require to determine 
not merely a person's suitability for certain specified 
occupations, but his greatest vocational possibilities. 

* Faculty’ Psychology. Feeling, possibly, the need for 
knowing what are the mental qualities they should seek 
to measure, investigators have frequently sought to arrive 
at these by the simple process of observing the various 
concrete processes which the worker is called upon to 
carry out. This has, at times, resulted in an analysis of 
the vocational requirements into various special ‘ abilities ’, 
‘powers’, ‘capacities’ or ‘faculties’. For example, 
certain work has been seen to require attention, hence the 
“capacity ’ of attention is said to be needed for this. Other 
work requires imagination and originality, hence a faculty 
of ‘creative imagination.’, and so on. We have already 
noticed the falsity of such reasoning. The inadequacy 
of this sort of analysis, for practical purposes, is seen by 
the fact that the tests subsequently suggested for the 
vocation in question are usually chosen, not as tests of the 
special ‘ capacities ' into which the vocation has been thus 
analysed, but for their resemblance to the actual operation 
which the workers are called upon to carry out. In these 
circumstances, the chief work of introspection has been 
to observe the similarity between test and ‘job’; the 
further analysis into special ‘powers’ or ‘ abilities ° 
appears to have been superfluous and misleading. 

Limitations of Introspection. Those who have sought 
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to discover the nature and existence of special measurable 
aptitudes by means of subjective analysis alone, have 
surely placed on introspection a burden greater than it 
can bear. Introspection is, of course, a valuable instru- 
ment. It has assisted in the development of useful tests, 
especially when the occupational requirements have been 
somewhat rigidly defined. But it has its limitations. 
To determine the existence of an ‘ aptitude ' or an ‘ ability ', 
in respect of which persons differ, and may be measured, 
it is not enough to know the mental processes involved ; 
we must know how they function with relation to one 
another, and to the other mental processes. While intro- 
spection may exhibit these processes, it can no more 
disclose to us the laws by which they function, than the 
observance of moving bodies will disclose the laws by 
which they move. For this, unfortunately, we must 
measure and calculate. А 

A further weakness in introspective analysis is seen 
when the products of the analysis are expressed in general 
terms, such as ‘imagination’, ‘judgment’, etc. Such 
may be true, as far as it goes, but tells us little of practical 
value—there are so many kinds of imagination! By 
labelling the actual observable processes with these general 
terms it is doubtful whether we add anything to our 
knowledge of them, and we come perilously near to the 
‘faculty’ psychology referred to above. 

Absence of Criteria. It is true that in using vocational 
tests psychologists have seldom relied on introspective 
data alone, but have determined the correlation between 
the tests and such other estimates of ability as they have 
been able to obtain. But they have seldom ‘applied to 
their correlation coefficients the criteria by which alone 
it is possible to judge what are the ‘ abilities ' (or ‘factors p 
involvedintheirtests. The fact that two series of measure- 
ments correlate signifies no more than that they both 
measure something in common. What the abilities 
involved may be, the mere fact of correlation is powerless 
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to inform us. It has been a frequent source of error to 
suppose that because a test correlates with an occupation 
for which it has been specially devised, it measures a 
special capacity for that occupation. In the absence of 
the necessary criteria for deciding this, it would often be 
more reasonable to suppose it to measure ‘ general intelli- 
gence ’! 


THE APPROACH TO A VOCATIONAL PSYCHOLOGY 

The Question. In view of the large amount of effort 
that has been expended in the kind of work referred to 
above, it seems a pertinent question to ask whether such 
work, however useful in other ways, is likely to provide 
the kind of knowledge needed for a sound system of 
vocational guidance ? The most we can expect it to do, 
is to provide tests for specific occupations by the ‘ trial and 
error’ method of eliminating those tests which correlate 
least, and retaining those which correlate highest, with 
the occupation in question. The knowledge so gained 
must, for the most part, be confined to the particular 
circumstances investigated, and even then can shed little 
light on the true psychological nature of the mental pro- 
cesses and ‘abilities’ involved. Out of such empirical 
knowledge can hardly emerge the ultimate laws and general 
principles needed to guide and economize future practice. 

Moreover, for the higher and more pressing forms of 
vocational guidance in which it is required to determine 
whether a person is fitted to train for a given vocation, 
or to ascertain which vocation he may most suitably enter, 
a general survey of his whole mentality, rather than his 
ability to carry out specific occupational tests, is needed. 
For this purpose we require a fuller knowledge of the 
special ‘abilities’ and ‘aptitudes’ than can be provided 
by the kind of work we have been considering. By what 
path, then, may we hope to acquire the necessary know- 
ledge for sound vocational guidance ? 

Examination of Mind. In the first place, it seems 
necessary to shift the focus of our attention from the 
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vocations and occupations to mind itself. Instead of 
seeking to analyse and measure the requirements of certain 
occupations, we should first aim at discovering the unitary 
mental characters (the special ‘abilities’, ‘aptitudes’, 
etc.) with respect to which persons differ, and may be 
measured. Before, of course, vocational guidance can 
be given, we must also analyse the vocations in terms of 
these mental characters; but the former is the prior 
question, since until we know what these characters are, 
it is impossible to analyse, appropriately, the vocations. 

Experimental Criteria. The existence of such mental 
characters can only be determined by the aid of experiments 
especially planned for this purpose. In these, reliable 
measures of the activities under investigation must be 
obtained by suitable tests, and such other means as may 
be possible. To this data, the correlational criteria by 
which alone it is possible to determine what ‘factors’ (or 
unitary measurable mental characters) are present in the 
activities in question, must be applied. Hence the experi- 
ments must be so arranged as to yield the correlation 
coefficients necessary for this purpose. 

Ultimate Analysis. While objective experiment may 
demonstrate the presence of unitary mental characters, 
only by introspective analysis can a knowledge of their 
underlying mental processes be gained. Apart from its 
intrinsic psychological interest, such knowledge is of the 
utmost value in the work of devising and improving tests 
for the particular mental characters concerned, and of 
analysing the vocations in terms of these characters. 
Objective experiment must therefore be supplemented 


by subjective analysis. If this analysis is to be effective, 
it must resolve the mental activities into their ultimate 
processes. 


ance, there remains the task 
as in the analysis of 
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analysis must be expressed in terms of known unitary 
measurable characters, and subjective introspection must be 
supported by objective experiment. This work of analysing 
vocations is, of course, complementary to that of analysing 
mind. Indeed, the double process will frequently go on 
side by side, the actual occupational activities yielding 
part of the data for the mentalanalysis. Thus knowledge 
of the unitary mental characters with respect to which 
individuals may be measured, and of the vocations wherein 
each of these are required, will progress together, the one 
supporting and enlightening the other. 


SCOPE OF THE PRESENT BOOK 

The present book is an account of a psychological 
research, extending over several years, which was carried 
out in the hope of contributing to vocational psychology, 
in some small measure, the kind of knowledge which we 
have seen to form a necessary prelude to scientific vocational 
guidance. The object of the research has been to inquire 
into the existence and psychological nature of what has 
been variously called ‘ mechanical ability’, ‘ mechanical 
ingenuity’, or the ‘mechanical sense’. This work has 
been pursued along the path outlined in the previous 
section of this chapter. 

The results arrived at bear closely on the problem of 
vocational guidance and selection in engineering, and 
especially on that important side of engineering to which 
attention has already been drawn, namely the intellectual 
and creative side. New tests have been developed which 
promise- to be of practical service in this connection. 
The results also have a direct bearing on certain aspects 
of general and technical education. In the belief that 
they will, on this account, prove interesting not only to 
the psychologist but also to the layman, and in particular 
to those interested in the selection and training of workers 
in the engineering industry, they have been presented as 
far as possible in non-technical language. 


CHAPTER II 


EXAMINATION OF PREVIOUS WORK 


THE CONSTITUTION OF MIND IN GENERAL 


EFORE proceeding further it will be well to ar 
in the light of the foregoing chapter, the work o 
previous investigators so far as it relates to Ed 
subject. As the latter is concerned with perceiving es 
thinking, ie. with ‘cognitive’ ability, rather than with 
feeling and willing, we shall confine our attention to ee 
researches which deal with this aspect of mind. The 
investigations to be considered fall into three а 
namely those which seek to enlarge our knowledge of the 
constitution of mind in general; those whose object 1s 
to discover the particular type of mind required by the 
professional engineer; and those which àim at disclosing 
the nature of the special mental processes, ' abilities" or 
“aptitudes ' required for certain specified engineering 
occupations. Let us consider these in turn. 
N. Carey. Within the first of these classes is Dr. N. 
Carey's interesting study of the mental processes of school 
children.! The aim of this study was to discover how the 


various mental processes involved in schoolwork are related 
to one another : 


; whether, for example, those who excel in 
the discrimination of differences in the pitch of musical 
notes also excel in discriminating differences in the rate 
at which they occur, or to take another example, whether 


* “Factors in the Mental Processes of School Children,’ Brit. Jour. 
of Psych., vols. vii and viii 
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the child with a good ‘ colour-sense ' had invariably a good 
memory for colours. 

Dr. Carey's results are mentioned here for two reasons. 
In the first place, they were directly opposed to that view 
already mentioned which divides mind into various 
‘faculties’, such as a faculty for ‘judgment’ by means 
of which all our various judgments are carried out, another 
for 'memory', a third for ‘jmagination’, and so on. 
Secondly, that kind of thinking about mechanical objects 
which forms the subject of the present research appears 
nowhere among the mental activities of the school children 
studied by Dr. Carey. This bears out a conclusion to 
which we come later, that seldom do the subjects taught 
in the elementary school call for the exercise of this kind 
of thinking. 

C. Burt. This same fact comes to view in the extensive 
inquiry into the relations between the various school 
subjects which has been carried out by Professor Burt, 
for none of these subjects appears to have required thought 
about mechanisms. Handwork, as we see later, may do 
so under certain circumstances, but the chief requirement 
of the handwork included among the school subjects 
studied by Burt seems to have been manual skill, for it 
was found to be specially related to drawing and writing, 
and all three subjects were classified together asa ' manual’ 

roup. 

5 Burt points out that children backward in the formal 
subjects of the curriculum are sometimes found to excel 
in ‘handwork’. This might be accounted for by the 
manual factor. But it might also be partly due to some 
special ‘ mechanical ' factor connected with the particular 
kind of thinking processes involved in the handwork, and 
which only further analysis of the handwork itself can 
disclose. 

A large number of tests applicable to school children 
are given by the same author in his important book on 

3 The Distribution and Relation of Educational Abilities, L.C.C. 
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mental and scholastic tests.t Among these are to be 
found none intended to measure a special ‘ mechanical 
ability as such, although in the tests suggested for ‘ hand- 
work’, the testee is required to make models of simple 
objects, such as houses, stools and wheelbarrows, with 
wooden blocks and other material, and so needs a certain 
measure of ingenuity. Mechanical movements, however, 
do not appear to have been introduced into these objects, 
and the tests also require such manual skill as may be 
necessary to put the parts together. ә 
Sex differences were observed with these tests, especially 
in invention and design, and the performances of defectives 
were found to differ less from those of normal children 
than was the case with tests of the school subjects. Indeed, 
the overlapping in ability which was found to exist between 
the ‘normals’ and the ‘ defectives’ was so great as to 
tender misleading any attempt to draw a borderline 
between these two groups of children. Since experiment 
has not disclosed any marked sex differences with respect 
to general intelligence, and we should certainly expect the 
defectives to do decidedly worse than the normals at a 
general-intelligence test, the sex differences and ‘ over- 
lapping ’ shown by these handwork tests suggest that they 
call for some special ability (or abilities). This points to 
the desirability of further research to determine how far 
such special ability may be referred to the manual side 
of these tests, and how far to the cognitive processes 
involved in designing the models. 
F. Gaw. A study of the mental qualities measured by 
fourteen tests of the kind known, somewhat loosely, as 
performance tests’, has been made by Miss F. Gaw.? 
To find out what abilities were measured by these, they 
Were compared by correlation coefficients, with customary 
measures of ‘ general intelligence ', with what the author 
* Mental and Scholastic Tests, L.C.C. 


Ve Study of Performance Tests,’ Brit. Jour, of Psych., vol.xv, 


EXAMINATION OF PREVIOUS WORK I5 


refers to as tests of ' mechanical ability ', and of ' con- 
structive ability’. The ‘mechanical’ tests employed by 
her were Stenquist’s Assembling Tests, Series I and III, 
and Healy’s Puzzle Box. In each of the Stenquist tests 
the subject is required to assemble ten common mechanical 
objects, such as a bicycle bell, clothes pin, lock, etc. The 
Puzzle Box ‘is a wooden box with a glass top and four holes 
cut in the sides and bottom. It is fastened by a compli- 
cated system of cords and rings slipped over pegs inside 
the box. The problem is to open the box with the aid 
of a button-hook which may be inserted in the holes.’ 
The tests were given to a group of elementary school boys, 
varying in number, according to the test, from 30 to 52, 
and to a similar group of girls. 

While the correlations which Miss Gaw obtained between 
the ‘ performance ' and the ' mechanical’ tests were useful 
in affording some indication of the extent to which both 
groups of tests involve the same ability, it is evident that 
if the mechanical tests are to be used as instruments with 
which to diagnose the actual qualities tested by the * per- 
formance’ tests it is necessary to know what qualities are 
measured by the mechanical tests themselves: 

It appears from this study, and from her remarks else- 
where, that Miss Gaw accepts the view that each of the 
latter tests involve a special ‘ mechanical" ability which 
is independent of general intelligence ; that is to say, that 
there is а common unitary factor running throughout the 
mechanical tests upon which success at them depends, 
and which is measured by the scores made at them. Such 
a view implies at least two things, firstly that these tests 
measure in common the same ability, and secondly that 
that ability is ‘mechanical’ ability. — — 

With regard to the first of these implications, the 
existence of a unitary ability common to all the mechanical 
tests and measured by them could only be proved by 


' 1 Vide ‘The Use of Performance Tests and Mechanical Tests in 
Vocational Guidance,’ Jour. of N.I.I.P., vol. i, 1923. 
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elaborate correlational statistics which neither Miss Gaw, 
nor anybody else, has yet supplied. We show, later, that 
even the relatively high inter-correlations between the 
tests which were found by Stenquist cannot be taken 
as conclusive evidence for the existence of a single uni- 
tary factor running throughout them. Moreover, in our 
own experiments these high inter-correlations were not 
obtained. Regarding the second of these implications— 
the nature of the ‘ability’ measured by the mechanical 
_tests—this must be sought in a subjective analysis of the 
tests themselves. Before these can be regarded as tests of 
“mechanical ability’ such analysis must clearly show 
what are the mental processes which we may regard as 
* mechanical’, and that it is these processes rather than 
other, non-mechanical, ones that determine success at the 
test. Noone has yet done this in respect of the mechanical 
tests employed by Miss Gaw. Indeed from Miss Gaw's 
own evidence it is far more clear that other factors of a 
non-mechanical kind enter into these tests than that they 
involve mechanical processes. Much closer analysis than 
has yet been attempted will be necessary before we can 
see clearly what are the abilities measured by these tests. 
. J. L. Stenquist. We have now to consider a work which 
is much more closely related to the subject of our own 
research than any reviewed so far—that of Professor J. L- 
Stenquist1 In 1919-20 Stenquist gave to several hundred 
boys in a New York City Public School a series of ' intelli- 
Bence ' tests together with his own mechanical tests. The 
pe were two assembling tests known as Assembling 
de Iand II, and'two picture tests, referred to as Picture 
e dis Pa кше Test II. Each of the former required 
EU duh or уа possible ошеа 
TestI rA er pboard catch, clothes pin, etc. Picture 
the subject m : ТА picture-matching problems in which 
use ee n etermine which one of five pictures 
€ key picture. The pictures treat of general 


1, Th 
е Case for the Low LQ.' Jour. of Ed. Research, iv, 1922. 
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mechanical subjects such as mechanisms, toys, machines 
and their parts. Picture Test II is similar to I, but. 
involves, in addition, language. It includes sixty ques- 
tions referring to numbered parts of machines. 

From this study Stenquist concludes that there are two 
kinds of general intelligence—one kind measured by the 
‘ general intelligence ’ tests, and another measured by the 
mechanical tests. Since this conclusion is of fundamental 
importance for vocational guidance in engineering, it will 
be well to consider the arguments upon which it is based. 

Stenquist found that the mechanicaltestsinter-correlated, 
“on an average, between -6 and -7’, and that ‘one test 
of actual manipulation of objects, such as Series I, corre- 
lates about as high with either of the picture tests as it 
does with a second series of models to assemble’. From 
this he argues that, ‘on the whole, any one of the four 
tests affords an important indication of a general ability 
that may for convenience be called general mechanical 
aptitude—general in the sense that it does not pertain 
to any special trade, and mechanical, as is more or less 
obvious from its nature’. 

While we should agree with Stenquist to the extent of 
saying, in the light of their inter-correlations, that the 
tests involve some common ability (or abilities), we should 
hesitate to say, on the basis of a mere correlation between 
each pair of tests coupled with a glance at the tests them- 
selves, what the ability was. Even the brief description 
of them which Stenquist subsequently gives fails to make 
this clear—much less is it ‘obvious’ from their nature. 
Neitherisit evident from these data that the ability measured 
by the tests is ‘general ’—even in the sense in which 
Stenquist here uses it! Moreover, as we show later, the 
term 'general' may be given a much more definite and 
fruitful meaning in this connection than it has when used 
in this sense. It would seem desirable to restrict its use 


1 That is, in the sense of being of ' general importance in every- 
day life’. 
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› this more definite meaning, especially if, as Stenquist 
ibsequently does, we are to compare the ‘ general ability ы 
ieasured by the mechanical tests with the ‘ general ability ° 
ieasured by customary intelligence tests. А 
Having decided on this rather slender basis that his 
sts measure ‘general mechanical aptitude ', Stenquist 
roceeds to examine the correlations between them and a 
composite score' derived from six well-known tests of 
zeneral intelligence’. The correlations here were found 
range from -23 to +52, and when the scores at the four 
echanical tests were combined the correlation with this 
telligence score was said to fall to -21. From the gener- 
ly low correlation between the two kinds of tests Stenquist 
gues that “ an individual's position in general intelligence 
thus shown to be largely independent of his position in 
eneral Mechanical Ability and Aptitude '. 

Before commenting on this argument, attention must 
drawn to a mathematical error which occurs in the data 
| which it rests. It is impossible for the correlation 
tween the ‘pool’ of the four mechanical tests and 
eneral intelligence ’ to fall below the lowest correlation 
апу one of the mechanical tests constituting that ‘ pool ’ 
ith the same ‘general intelligence’. It is therefore 
ficult to see, from Stenquist’s figures, how the correlation 
tween the sum of the four mechanical tests and * general · 
telligence ’ could fall to -2r. Its value, calculated from 
enquist's coefficients by Spearman's formula for the 
rrelation of sums or differences (giving equal weights 
each), is +42. 

Granting, however, that the mechanical tests correlate 
55 with ' general intelligence ' than with each other, we 
ive yet to ask whether this is sufficient to prove the 
dstence of two independent abilities. Given are (т) 
© correlation between different measures of a supposed 
echanical ability, and (2) correlations between these and 
"upposed measure of ' general intelligence’, What, then, 
Stenquist's criterion to show that all these correlations 
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cannot be attributed to one and the same element ? There 
is none formulated by him, and certainly none is involved 
in (1) being higher than (2), as he seems to think. More- 
over, his data are not sufficient to employ the genuine and 
sole criterion. Still more needful is such an exact and 
demonstrated criterion when the possible influence of 
sampling errors has to be estimated. He may be right in 
his deductions, but certainly he has not proved them. 

Stenquist next investigates the validity of his tests by 
comparing them with criteria in order to determine what 
it is that is measured by them. The criteria chosen were 
pupils’ ranks at shop courses and at general science, as 
estimated in each case by the teachers. Here the correla- 
tions were found to be high—varying from -42 to -go—from 
which Stenquist rightly argues that ‘the mechanical tests 
may, therefore, be judged from these figures to detect to 
a marked degree the same qualities in pupils that are 
considered by the shop and science teachers in judging 
pupils’ relative abilities ’. 

But when he goes on to ask, ‘ What is it that causes a 
pupil to stand out in this type of work? May it not be 
another type of intelligence that might well be called of 
general importance ? ' we can only reply that there is no 
evidence in these correlation coefficients for such a belief. 
Unless we are shown either by the correlations between 
shopwork and general intelligence, or by an analysis of 
this ability itself (preferably by both), that rank in shop- 
work does not depend on general intelligence, we have no 
reason whatever for supposing this to be the case—rather 
the contrary. Without such evidence the natural assump- 
tion is that success at these proposed criteria (shopwork 
and science) would depend largely on general intelligence 
and that, consequently, the mechanical tests also (seeing 
that they correlate well with the criteria), involve this same 
ability. In brief, until we know what abilities are involved 
in shopwork and general science these cannot be used as 

1 See p. 107. 
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criteria with which to diagnose the mechanical tests. То 
suggest as a result of this comparison that the criteria 
depend on mechanical ability is to beg the question at 
issue, and to assume as true what the very criteria were 
brought forward to prove, namely, that the mechanical 
tests themselves are valid measures of mechanical ability. 
Without further knowledge of the abilities involved in 
shopwork and science, this comparison throws no additional 
light on the nature of the ability measured by the 
mechanical tests. 

As another way of deciding what the mechanical tests 
measure, Stenquist turns to ' the very direct one of merely 
looking at the tests and judging what type of task it is 
that has been set up’. ‘Thus,’ he continues, ‘we may 
note at once that they represent an attempt (in all except 
Picture Test II) to get away from words. They deal with 
concrete and real things. In the Assembling Tests oppor- 
tunity is given to work with hands and mind, rather than 
to perform with pencil only, or to juggle mental abstrac- 
tions.’ 

This description does not seem to us to provide indisput- 
able evidence that the tests measure ‘ mechanical ability ’ 
—or even any ability other than general intelligence, for 
this same description would apply with equal aptness to 
many so-called ‘ performance’ tests. These have been 
shown to measure, largely, general intelligence.1_ Even if 
it be granted, as seems probable, that the ‘ mechanical’ 
tests involve other abilities besides general intelligence, 
it still remains to ask what these may be. If we look for 
them in the above description we are led to suggest that 
at least one of them may prove to be motor dexterity 
rather than mechanical ability. 

Moreover, despite his earlier assertions, Stenquist him- 


* See the study by Е. Gaw referred to on P. 14; also an un- 
Published thesis by Dr. McCrae entitled Some Effects of Social 
and Educational Opportunities upon Mental Tests (London Univ. 
Library). 
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Self is not very sure what his tests measure, for he says, 
* Possibly it would be more appropriate to designate these 
mechanical tests by some other name, for they are mech- 
anical only in a limited sense. On the mental side they 
call for ability to recognize parts of ordinary mechanical 
devices, for the ability to make judgments as to the reasons 
Íor the particular size, shape, weight and nature of the 
parts—in short, for the mental ability to think through 
in some degree the same steps as those employed by the 
designer of each machine. Manually, they call for the 
dexterity required to put parts together to form the 
completed machine or device after it has been decided 
how they should go. . A generous amount of the best kind 
of thinking is then required to make a high score. It 
involves accurate perception, reasoning, and judgment 
applied to each model. In so far, therefore, as these mental 
processes are of general importance in everyday life, the 
ability demonstrated in assembling the models perfectly 
could well be called general intelligence.’ In the light of 
this we may well ask, why indeed call it anything else ? 
Nowhere does his analysis indicate the special * mechanical ’ 
factor which these tests are said to measure. 
THE PROFESSIONAL ENGINEER 

В! V. Moore. Among the more extensive investiga- 
tions into the mentality of the professional engineer is 
that of B. V. Moore. The aim of this investigator was 
to discover ‘ methods and means for selecting and placing 
young engineers in the type of work which they can do best ’. 
The engineers in question were the apprentices at the 
Westinghouse Electric and Manufacturing Company, and 
the main problem which Dr. Moore set himself was to 
differentiate successfully between those best fitted for the 
work of salesman and those more suited to that of design 
engineer. 

1* Personnel Selection of Graduate Engineers,’ Psych. Rev. 
Monograph, No. 138, 1921. 
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To this end, various lines of research were pursued. 
The grades which the subjects had previously made at 
Technical Schools were compared with other criteria, such 
as estimates of intelligence, with class grades made in the 
firm's Education Department, with grades made in the 
shop, and with various ratings on a number of character 
traits made by the shop foreman. The vocational and 
avocational interests of several types of engineers employed 
by the Westinghouse Company were inquired into by 
means of questionnaires. In addition, psychological tests 
were given. It is with these, as being most likely to 
exhibit the presence of innate mental differences, that we 
are here concerned. 

A general-intelligence test, known as Personnel Bureau 
Test VI—a modified form of the American Army Test— 
was given to ninety-four graduate engineers classified into 
four occupational groups, namely, design engineers, general 
engineers, operating, service and works engineers, and 
sales engineers. 

The average score made by each group followed the 
order in which they are here named, the design engineers, 
as a class, doing much better than the sales engineers. 
There was, however, considerable overlapping in ability 
as from one group to another, some of the sales engineers 
making as high a score as the best design engineers. 

On this account Moore concluded that a general-intelli- 
gence test was not able to distinguish satisfactorily one 
type of engineer from another, and argued that the differ- 
ence in intelligence between the sales engineers and the 
design engineers was a qualitative rather than a quantita- 
tive one. He also thought that any of the available 
intelligence tests would be too easy and too lacking in 
interest for engineers. 

All four groups were small—particularly the design 
&roup, which appears to have numbered about six. This 
renders any comparison between them of doubtful value. 
But if anything can be concluded, it is surely that the 
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design engineers, as a class, were of superior intelligence 
to the sales engineers. 

To continue our account, the unsatisfactory result with 
Bureau Test VI led Dr. Moore to devise a special test for 
differentiating between 'sales' and 'design' engineers. 
This consisted of two parts—Part I, intended to measure 
the kind of mentality needed by a salesman; Part II, 
that needed by a design engineer. A quarter of Part I 
was composed of general-information questions; the 
remainder consisted of ‘analogies’, ‘opposites’, ' syn- 
onyms ’, a test in which proverbs had to be paired according 
to their meaning, and a test in which sentences had to be 
correctly completed by one of three given words. Part II 
consisted of a test in which the names of five technical 
objects (or engineering terms) were presented and the 
subject required to select the four which possessed the 
same (unstated) technical property and to underline the 
one which did not possess this property, a test in which 
certain technical statements had to be marked true or 
false, and a test in which the solutions to a number of 
technical problems were required. 

The test was given to 28 design engineers and 59 sales 
engineers, all of proved ability at their respective tasks. 
The design engineers secured an average of 109:3 on Part 
I, and 37 on Part II, whereas the sales engineers scored 
an average of 87:6 on Part I, and 22-7 on Part П. Moore 
argued that these results supported his contention that 
Part I of the test measured the kind of intelligence needed 
by sales engineers, and Part II that needed by design 
engineers, because the former did better in Part I as 
compared with Part II than did the latter. Thus the 
sales engineers scored approximately four times as many 
points on Part I as on Part II, while the design engineers 
scored only three times as many. On the basis of this 
difference between the scores for the two parts Moore 
decided to differentiate one type from another. Thus the 
person who had a wide difference between his two scores 
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in favour of Part I would be assigned to the sales depart- 
ment, while one who had a relatively smaller difference 
(though still, perhaps, in favour of Part I) would be placed 
as a design engineer. 

This argument involves several disputable points. In 
the first place the units at different parts of the scales 
have not the same values and are therefore not comparable. 
If, for example, units above point 88 in Part I scale hap- 
pened to be worth double those below it, and those above 
point 23 in Part II scale were only half those below it, 
the design engineers’ scores (keeping those of the sales 
engineers as before) become 130 and 30 for the two parts 
respectively. Such figures are directly opposed to Moore's 
conclusions. 

Another difficulty lies in the fact that there are two ways 
of arriving at a difference between the scores for the two 
parts—either by subtraction or by division. In placing 
his subjects Dr. Moore assumed that either method was 
valid—but they lead to contradictory results. Thus to 
revert again to the average scores, the difference becomes, 
by subtraction, 72-3 and 64:9 for the ' design ' and ' sales’ 
engineers respectively. On these figures the greater super- 
iority of the design engineers (by Moore's criterion) lies in 
Part I—the part specially devised for sales engineers. 

Even if a satisfactory method of measuring them could 
be devised, these differences would afford no indication 

* of the relative ability of the men at the type of work to 
which they had been assigned, for a man making low 
scores in both parts might-well have a larger difference 
between them than one making higher scores in both, 
but would not on that account be the better man in either. 

A criterion which thus ‘selects’ but does not ‘ grade’ is 

hardly satisfactory, since it may well lead to the over- 
loading of a department with men who, although better 

Suited to enter it than any other, are nevertheless ‘ weak ', 

and so not necessarily well placed so far as the interest of 
the organization as a whole is concerned. 
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Equally unsatisfactory seems the method of grading 
the sales engineers (after selecting them) by combining 
both scores, if, as Moore claims, the two parts of the test 
really measured different abilities, for there is no reason 
to think that a person with a high (or low) score in one 
special aptitude is thereby rendered more (or less) efficient 
in another. Neither is it logical to suppose that for differ- 
entiating the men the two parts of the test function as 
special aptitude tests, while for grading them they may 
be regarded (and so combined) as a general-intelligence 
test. 

So much for the practical difficulties inherent in the 
method, but is not the idea itself fundamentally wrong ? 
Surely the criterion is not to be found in the difference 
between the scores at the two parts but in the actual scores 
themselves. If two qualitatively different kinds of intelli- 
gence existed, and were correctly assigned to the respective 
groups, we should expect sales engineers to do better than 
design engineers in Part J, and worse in Part IT. In actual 


~ fact, the design engineers do better in both parts. If 


anything can be inferred from this it is that the same kind 
of intelligence functions in both parts, and that the design 
engineers, through their superiority in this, were able to 
make much higher scores in both. 

There are still to be explained the relative differences 
between the two scores at the two parts upon which Dr. 
Moore places so much importance. This seems best 
accounted for by the superior technical knowledge of the 
design engineers whereby they were enabled to place a 
still greater distance between themselves and the sales 
engineers in Part II (which required, throughout, this kind 
of knowledge) than in Part I. 

Throughout the research no criterion is put forward for 
deciding whether the mental differences looked for really 
exist, the author being always content with a mere com- 
parison between scores or correlation coefficients—without 
even considering the sampling error which, with the small 
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groups sometimes used, must have been large. Until 
these are duly taken into account the data, however inter- 
esting in other ways, have actually proved nothing. 

While a vast deal of useful information about the sub- 
jects' school grades, interests, hobbies and the like, has 
been collected, little, if any, attention is given to the innate 
mental qualities upon which these must in part depend. 
Any sound method of differentiating between the various 
engineering groups must rest, ultimately, upon a knowledge 
of these innate factors, and research in this direction should 
greatly illuminate the important problem which Dr. Moore 
has courageously tackled in this investigation. 

C. R. Mann and E. L. Thorndike. In his book, A Study 
of Engineering Education, Prof. Mann describes some 
investigations made by Prof. Thorndike to determine the 
capacities required by the professional engineer. The 
fifteen tests employed were tests of achievement in English, 
mathematics, physics, together with Stenquist's Assemb- 
ling Tests. Each test was said to be ' designed to record 
the student's relative ability in some one particular activity 
which was complete in itself', and to differ from the 
ordinary college examination in its attempt to place as 
little emphasis as possible on knowledge and as much as 
possible on the ability it was designed to test. 

The tests were given to thirty-four engineering students 
of Columbia College. The scores at the various tests were 
‘pooled’ and the combined score so obtained was found 
to correlate with High School Scholarship records, Regent's 
Examination records, Freshman Year record, Opinion of 
Classmates and Opinion of Teachers to extents varying 
from -62 to -75. When the records and opinions, together 
with ratings according to the combined judgment of the 
Dean and teachers, and according to age, were combined 
into a single rating for ‘ general intellect ’, this rating was 
found to correlate with the combined test score to the 


1 The sampling error is that which arises through measuring 
only a limited number, or ‘ sample’, of individuals, 
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extent of -84. The same rating gave fairly high correla- 
tions with each test taken singly, with the exception of 
three of the physics tests and the Stenquist test. While, 
however, both this physics group and the Stenquist test 
gave low correlations with ‘ general intellect ', they corre- 
lated highly (-6) with each other. 

Thorndike concludes that everyone of the tests, except 
the Stenquist test, is symptomatic of ' general intellect ', 
and when combined become symptomatic of it to a high 
degree. But he does not tell us what he means by 
“general intellect ’. 

He further states that the tests fall into four groups, 
namely a group which measures, mainly, general intel- 
lectual ability ; a group (the three physics tests mentioned 
above) which measures the same abilities as the former 
group, and, in addition, other (unnamed) abilities which 
seem likely to be specially prophetic of success at engincer- 
ing; the Stenquist mechanical test, which has much in 
common with the former group and much peculiar to itself ; 
and an English group, which has much in common with the 
first (‘general intellect’) group and much peculiar to 
itself. 

This grouping, however, is very rough-and-ready. The 
criterion necessary to determine whether special abilities 
(ie. those independent of ‘ general ability ’) are involved 
is not used, neither are Thorndike’s data sufficient to permit 
of its employment. 


SPECIFIC OCCUPATIONS 


We now come to those inquiries which examine the 
mental processes needed for more or less specific engineering 
occupations. Although those are primarily concerned 
with the analysis of the ‘ job ' rather than of the mind, and 
are seldom able, for reasons already stated, to enlighten 
the problems of mental abilities by direct experimental 


1See p. 9, 
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evidence, yet in so far as they are concerned with mental 
operations, and more especially as their conclusions are 
frequently based on assumptions about the nature of 
mental abilities, factors, capacities, etc., it is desirable to 
consider such of them as relate to our present subject. 
Н. C. Link ! gave Stenquist's Mechanical Test and a test 
said to measure ' perception of form’ to two groups of 
men engaged in assembling gun parts. The inter-correla- 
tions were found to be -42 and -58. Link suggests that 
these correlations indicate special abilities in the tests. 
In themselves, however, these figures provide no evidence 
for supposing the abilities to be ‘special’ rather than 
“general ’. ae 
Lipmann and Stolzenberg ? enumerate various qualities, 
such as delicacy of touch, form recognition, mental repre- 
sentation of objects (imagery), immediate memory for 
special order, attention, dexterity, etc., which they consider 
important for those engaged in the metal industry. Among 
them is included the ability to understand the construction 
and functions of machines. These appear to be regarded 
„as special ‘faculties’ or ‘capacities’, for each person’s 
grades in all the tests designed to test any one capacity 
are averaged to give the specified capacity ‘index’. и 
It does not follow, however, that because various attri- 
butes are grouped together under the same general name 
(such as 'form recognition’, ‘imagery’, ‘immediate 
memory ', etc.), that those attributes will even correlate, 
much less function as an unitary ‘ power’ or ‘ faculty ’- 
There is no evidence whatever for thinking that the various 
capacities mentioned above exist in this sense. 
Moreover, as Muscio has already pointed out, the tests 
used by these writers for measuring the ability to under- 


DE C. Link, Employment Psychology, Macmillan, 1919. 4 
2 Methoden zur Auslese hochwertiger Facharbeiter dey Metallindus- 
trie, Barth, Leipzig, 1920. 


*In Reports of the Industrial Fatigue Research Board, No. 12, 
Vocational Guidance, Р. 27. 
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Stand simple machines test knowledge of elementary 
mechanical principles rather than innate ability. 

M. Tagg, by observing and introspecting on the opera- 
tions carried out by workers engaged in various engineering 
trades, analyses the cognitive requirements of the engin- 
eering worker into—(i) General intelligence, and (2) 
Specific abilities, innate or acquired, which may, or may 
not, be correlated with general intelligence. The specific 
abilities postulated are, ‘ perception of space and form ', 
: memory of form’, ‘size,’ etc., ‘motor ability ’, ‘ atten- 
tion ’, ‘ creative imagination ’ (also referred to as ‘ creative 
faculty’) and ‘ accuracy of detail’. Of them, he says, 
' Some abilities, such as, say, visual discrimination, are 
probably constant through the normal life of the individual 
in so far as its purely physical components remain constant, 
but there are other innate abilities, e.g. creative imagin- 
ation, which ‘аге capable of great development.' 

Reference is made in the next chapter to the need of 
clearly defining the terms commonly employed in this 
Sphere of work. The desirability of so doing is illustrated 
here where some confusion appears to exist in the use of 
the terms ‘general’ and ‘ specific’. In accordance with 
the ‘general factor theory’ (whence these terms have 
Sprung), the scores at any given performance may be 
divided into two parts, one determined by the ‘ general ’ 
factor, and the other by the ‘ specific’ factor. The latter 
1s called ‘ specific ’ because it is peculiar or ' specific? to 
the performance in question and quite independent of the 

general’ factor which, as i 


e ts name implies, occurs to 
Varying extents in all mental performances. We can there- 
fore hardly speak of ‘ specific abilities which may, or may 
not, be correlated with general intelligence '. 
The criticism of the qualities postulated b 


and Stolzenberg applies also to the “specific abilities’ 
Put forward here. 


As has been pointed out already, there 
i 1 ‘The “ Make Up” of the Engineering Worker,’ Jour. of N.I.I.p, 
+ 313. г 
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is no experimental evidence that ‘ creative imagination ’, 
“memory of form, size, etc.’, ‘accuracy of detail’, and the 
other ‘abilities’ mentioned by Tagg exist as such. The 
available evidence is to the contrary. Experiment has 
shown that while several psychological processes may seem 
sufficiently alike to be grouped together under one name, 
such as ‘ memory of form and size’, it by no means follows 
that they will function as a unitary special ability which 
can be measured. Such assumptions are of more than 
theoretical interest, for they might easily lead to the giving 
of vocational advice on the assumption that the ' creative 
imagination’ of a Shakespeare is the same as that of a 
Stephenson or an Arkwright. 

Moreover, as is frequently the case with this type of 
analysis, the results are not expressed in terms of ultimate 
mental processes, and are consequently of little assistance 
in the work of constructing tests. This is seen in the case 
under review, where the tests subsequently chosen for . 
various engineering occupations were selected not on 
account of their being tests for the ‘ specific’ abilities 
postulated, but for their resemblance to the actual trade 
operation it was proposed to measure. This kind of 
analysis seems to have fulfilled little practical purpose. 


CONCLUSIONS 

It is evident that few investigations into the mentality 
of the engineer have been pursued from the standpoint put 
forward in the last chapter as being of fundamental import- 
ance for scientific vocational guidance: that is, with the 
object of discovering what are the special aptitudes or 
innate abilities required by various branches of enginecring. 
Among these few, unfounded assumptions concerning 
the constitution of mind have been the rule rather than 
the exception, and much has frequently been lost through 
failing to separate ‘ acquired ' factors from innate. More- 
over, such data as have been obtained have seldom been 


1 See the work of Carey, Philpott and McCrae. z 
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examined in the light of satisfactory mathematical criteria. 
On this account, little scientific evidence for the special 
abilities or capacities which have been said (or assumed) 
to exist has been forthcoming. More frequently, investi- 
gators have been concerned to discover good tests for 
special occupations, and here the work of subjective 
analysis had been seldom supported by experiment. 
Throughout, with rare exceptions, the need for defining 
explicitly the questions at issue, for giving precise meaning 
to the terms employed, and for using those terms consis- 
tently and unequivocally, is made manifest. These matters 
are considered in the next chapter. 


CHAPTER III 


THE PROBLEM 


THE PRESENT POSITION 
REQUENT Assertions. We have seen that it has 
been frequently asserted that persons differ in 
respect to a certain ability which has been variously 
called * mechanical ability ’, ‘ mechanical aptitude’, or 
“mechanical intelligence’, and that attempts—notably 
that of Prof. J. L. Stenquist—have already been made to 
measure this ability. Nor have psychologists been alone 
in this, for engineers have themselves used the term ' mech- 
anical sense ' to denote a marked ability at understanding 
mechanisms, at repairing machines and dealing generally 
with things mechanical. The 'mechanical sense' has 
been described by a well-known physicist who writes: 
' Lastly, students differ in another respect, which is not 
- quite so obvious, but is, I believe myself, of equal import- 
ance, i.e. in their possession of what I may call the mech- 
anicalsense. This is а real sense, as much as is the artistic 
or themusicalsense. It does not always go with mathema- 


tical ability, nor even usually so. It is not worth while 
trying to define it exac 


Notwithstanding these assertions, belief 
hanical ability’ or * mechanical sense’ 
mpirical Observation, without clear proof 
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of its existence, or insight into its psychological nature. 

Justification of Further Research. Nevertheless, a clear 
understanding of this so-called ‘mechanical ability ' 
promises to be of such value in vocational guidance and 
selection and in certain branches of educational practice, 
that it was considered worth while to embark on extensive 
research into its existence and nature, involving the collec- 
tion and submission to definite criteria of the necessary 
experimental data, and a subjective analysis of the relevant 
psychological processes. 


PSYCHOLOGICAL CONSIDERATIONS 


General Problem of Mental Measurement. The nature 
of our problem will be more evident if, before attempting 
to formulate it, we consider certain matters related to it. 
Let us first take the case where we wish to predict, by the 
aid of mental tests, a person’s suitability for a given voca- 
tion. The latter will usually involve the carrying out of 
many different performances. Most of these performances 
will involve complex activities, themselves capable of 
resolution into a number of more elementary ones. More- 
over, account must be taken of the future and often un- 
particularized demands of the vocation as well as of its 
more immediate and obvious requirements. It is clear 
that the number of activities involved will usually be so 
great as to render their individual measurement out of the 
question. We are therefore compelled either to resign 
the task altogether, or to be content with a restricted 
number of measurements. In the latter case we are at 
once faced with the question as to whether it is possible to 
infer anything about the rest from the measurements of the 
few? In other words, can we, and if so under what cir- 
cumstances, select from these performances some which 
will afford a truly representative sample of the rest? The 
reply will depend on the functional relationship which may 
be found to exist between them. It is evident that before 
we can embark on any programme of mental measure- 
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ment for vocational guidance we must have some knowledge 
of this functional relationship—we must know how the 


abilities demanded by the vocation are related to the 
processes involved in our tests. 


FUNCTIONAL RELATIONSHIP BETWEEN PERFORMANCES 


What, then, is this relationship? Three typical views , 
are to be found. These may be called ‘ anarchical ', ‘ mon- 
archical', and ‘ oligarchical’ views respectively. 

I. Amarchical View. According to this view a per- 
son's ability in any given performance depends on a com- 
plex of independent mental elements. These are held to 
function in various combinations which differ, in nature 
and number, according to the performance much as the 
combinations of musical notes differ according to the chord 
Struck. On this theory two entirely dissimilar perform- 
ances would depend on two entirely different groups of ele- 
mentary operations, while performances would be similar 
(and correlate) only to the extent to which they depended 
on the same elementary factors. 

2. Monarchical View. This view holds that all the 
various performances a person may.carry out are dominated 
by a unitary mental element which is common to all and 
determines, at least in part, his success at every one. 
Unlike the other views, then, this regards no performances, 
however dissimilar, as entirely independent. 

3. Oligarchical View, Finally it has been frequently 
assumed that a person’s various performances may be 
grouped in such a way that all falling within the same 
group are in some way interdependent (or even identical, 
as when the various acts of observing are said to be the 
expression of a single ‘ observation power ’), while those 
falling within different groups are entirely independent. 
Such theories vary in detail according to the way in which 
the grouping is assumed to occur. They are implied in 

1 Terms Suggested b: 


y C. Spearman, The Abilities of Man: their 
Nature and Measurement, Macmillan, 1927. 
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such doctrines as those of mental ‘faculties’, 'types', 
‘levels’, etc. 

4. Modifications. While the above theories repre- 
sent broadly the three distinctive ways in which 
various performances have been held to be related, modi- 
fications of these are at least thinkable. Of these the 
more important would consist in combining the monarchical 
view with either of the other two. Its combination with 
the anarchical view would give one in which every per- 
formance would be regarded as dependent on a unitary 
mental element common to all performances together 
with one (or more) independent element peculiar to the 
performance itself, and only to such other performances 
as may also involve it. By combining the monarchical 
and oligarchical views we should get one in which the 
various ‘faculties’ or ‘capacities’ would be no longer 
regarded as entirely independent, but related by a unitary 
element common to them all. 

Bearing on Mental Tesis. Such theories bear directly 
on the use of mental tests. If the anarchical view were 
correct almost every performance would need testing 
separately—and then preferably by a direct sample of the 
performance itself. Vocational guidance could hardly 
hope to go beyond tests for specific and well-defined occu- 
pations. If the relations between performances were 
'oligarchical', vocational guidance would best proceed 
by discovering and devising tests for the various ‘ faculties ' 
or ‘powers’. A knowledge of the faculties required in a 
given vocation, together with their measurement in a given 
individual, would then afford some indication of the latter’s 
suitability for that vocation. But on the monarchical 
view, the plan of procedure must be to discover means of 
measuring the common element in individuals and of 
determining the extent to which the various performances 
(or vocations) severally depend on this factor. Such data 
would afford an important (though not, of course, complete) 
indication of a person’s likelihood of success in any given 
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vocation. This inquiry would have to be coupled with a 
careful investigation into the other factors upon which 
success at various performances may depend, and into the 
relationships which may be found to exist between them. 
The Theory of ‘g’. The criterion needed for determining 
which of the three types of theory is the correct one has 
been established by Prof. C. Spearman. To this logically 
demonstrated criterion Spearman has submitted a vast 
amount of data collected from a variety of sources, and 
has thereby shown that all the available evidence favours 
a combination of the monarchical and anarchical views 
which he has called the ‘Theory of g’. Briefly, this 
theory states that a person’s ability in any given mental 
performance is determined partly by a factor which is 
common to all his other mental performances (in the sense 
that these also depend partly on the same factor) and 
partly by a factor (or factors) peculiar to the perform- 
ance itself. The former is known as the ‘ general common 
factor’, or simply g, while the latter is referred to as 
the specific factor. All performances, however, do not 
depend to equal extents upon g—in some, а person's 
Success may depend almost entirely upon the function- 
ing of this common factor; in others, but very little. 
Similarly as regards the ‘ specific’ factor—some  per- 
formances involve a large ‘specific’ element, in others 
this factor may be almost absent, success then depend- 
Ing almost wholly on g. The extents to which the 
general’ and ‘specific’ factors function are thus 
held to vary independently from one performance to 
S E Expressing the theory in another way, we may 
d d ata person's score at a mental test may always be 
vided into two parts, one of which is a measure of the 
extent to which the score depends on ' g ', and the other a 
ERN of the extent of its dependence on the ‘ specific ’ 
fus оа us be added that although the general factor 
eue e unitary whole the facts of the theory do not 
its being regarded as composed of more elementary 
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constituents, neither are the ' specific ’ factors necessarily 
ultimate, or even wholly psychological. By them are 
meant, rather, all the conditions affecting the score other 
than the general factor. 

CONSEQUENCES OF ‘g’ 

Let us now consider some of the consequences arising 
from this theory. 

т. Meaning of ‘General Intelligence’. Since the term 
' general intelligence ' has been used throughout the liter- 
ature of vocational psychology, and no study of a ' special’ 
ability can well be made without some reference to it, we 
may best start by considering the light thrown by the above 
theory on the meaning to be attached to this term. 

With the nature of the psychological processes under- 
lying intelligence the theory is not concerned, for this can 
be discovered only by an analysis of ‘ intelligence ' itself.* 
But to the question, ‘In what sense may “ intelligence ” 
be called general? ' the theory.gives a definite reply, for 
it clearly finds one general factor, and one only. Conse- 
quently any mental ability (such as ‘ general intelligence ’) 
which is said to function ' generally ' must needs be identi- 
fied with this general factor. If (as is sometimes the case) 

"it be argued that the word ‘ general’ is intended in some 
other sense than this, the obvious reply seems to be that 
any other sense must be too vague and indefinite to be 
serviceable, if it be not altogether meaningless. If, on 
the other hand, it be argued that by ‘intelligence ’ is 
meant something other than the general factor (and the 
meanings assigned to it have, indeed, been almost as 
numerous as the writers upon it), the answer is that what- 
ever may be intended by this other sort of intelligence, 
there is no evidence to show that it functions generally, 
nor, indeed, to show how it functions at all. It would 


1 Such analysis has been carried out by Prof. C. Spearman, in 
The Nature of ‘Intelligence’, and the Principles of ‘ Cognition’. 
Macmillan, 1923. 
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seem then that ' general intelligence ', if it is to mean any- 
thing, must be identified with the ‘ general common factor `- 

2. Measurement of Intelligence. Moreover, the common 
practice of measuring intelligence by averaging the scores 
at a variety of mental tests, is only justified by the presence 
of a factor common to them all; if each of these tests 
involved different factors the average score would not be 
a measure of any. 

3. Analysis of Tests. It is commonly supposed that a 
test which correlates highly with a given vocational per- 
formance may, on that account, be regarded as a special 
test for that performance, i.e. as a test which measures 
some particular ' ability ' needed in the vocation in ques- 
tion. But this correlation may be due largely to the 
general factor. This renders it necessary to know the 
extent to which such may be the case, before we can regard 
the test as one of ‘special’ ability. 4 

Similar remarks apply to the practice of measuring 
various activities involved in a given occupation and then 
combining these scores into a single one to denote the 
testee's (so called) special ability for that occupation. 
Such a composite score is more likely to measure general 
ability, or g, for the effects of different special abilities 
involved (if any) will tend to cancel each other when the 
Scores are added together. 

It is clear that in accordance with the g theory the 
Special ability which a test may measure cannot be esti- 
mated without some reference to the general ability on 
which it must also, to a greater or less extent, depend. 

4. Analysis of ' Ability". An analogous case occurs 
when considering the nature of a particular ‘ability’. 
It is often taken for granted that a person’s superiority 
at a given kind of work is due to some special ability for 
that work. While this may be so, it does not follow immedi- 
ately from the mere fact of his superiority, for this would 
be due to some extent (varying of course with the nature 
of the work) to the general factor—g. No analysis of 
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* ability ' can be considered complete which does not allow 
for this fact. 

The view which regards general intelligence as а number 
of different kinds of intelligence, or as the average of a 
number of particular abilities, may be similarly criticized. 
On the theory of g it becomes necessary to inquire how 
far the so-called special kinds of intelligence involvea factor 
common to them all, and how far they depend on factors 
peculiar to each of the kinds of ‘ intelligence ’ in question. 

5. ‘Specific’ and ' Group’ Factors. We have seen that 
by the theory of g any test score may be divided into 
two parts, namely g + 5, where g is the part dependent 
on the ‘ general common factor ^, and s is that dependent 
on the factor ‘specific’ to the test in question. Let us 
now suppose that we have a group of tests, such as X, Y, Z. 
Each of their scores may be written (g + x), (€ +9) and 
(g + 2) respectively, where g represents that part of the 
score in test X which is dependent on the general factor 
(its value being the same for all tests), and x represents 
the remainder ; and similarly for tests Y and Z. Now the 
extent to which each pair of these tests would be expected 
to correlate on account of the common § factor may be 
calculated.1_ If this is done, and the degree of correlation 
is then found to be wholly accounted for by this factor, 
we must suppose that those parts of the scores represented 
by x, y and z are uncorrelated, i.e. that the factors upon 
which those parts depend are ' specific ' to their respective 
tasks. But if the inter-correlations indicate that in 
addition to the correlation. due to g there is further 
correlation due to a factor (f), common to x, y and z, 
then we may rewrite these parts of the score as (f+?) 
(f +) and (f+ 7), where f is that part of х dependent 
on the factor f while p is the rest of x, and similarly 
for qandy. The three scores then become (g +f + 7), 
(g -- f 4- 9). and (= +/+): Unlike the universal g, 
the influence of f is restricted to a particular group of 

1 gor method, see Appendix, р. 205. 
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tests. On this account f has been called a ‘group’ 
factor. Thus, if we include the possibility of group factors, 
a test score may be thought of as consisting of 7 parts, 
namely one part dependent on the universal factor, g, 
n—2 parts each dependent on a factor common to à 
restricted group of tests (group factors), and one part 
dependent ona factor (or factors) peculiar to the test itself 
(the specific factor or unanalysed remainder). Hitherto, 
however, little evidence of any important group factors 
has been found, so that for most tests f = о andn = 2. 


Use or TERMS 

I.“ Special’ Ability. We may now give clearer meaning 
to the term ‘special ability’. Often this is intended to 
mean the whole concrete performance. For example, 
“mathematical ability’ is commonly called a ‘special 
ability. But ‘mathematical ability’ is the ability to 
do mathematical work, and as such may be expected to 
Involve the general factor. It would therefore make for 
greater clearness and accuracy to limit the denotation of 


iie ae (па, ability ' to that part of the performance 
which is found to depend ific) factor. 
td pend on a group (or specific) 


\ Id then speak of the special ability or factor 
involved in mathematics rather than of a ' special mathe- 
matical ability ’. Conversely, when a group of perform- 
ances are found to depend partly on a group factor they 
ox be said to involve a ‘special’ ability. 
‚2. Ability’ and ‘Aptitude’. Frequently the term 
"Ey ‘is used as if it were synonymous with ‘ aptitude ’. 
EN have the terms ‘ practical ability ' and ‘ mechani- 
Wer ty '—used to imply special innate mental qualities. 
xut xS the term ‘ ability ’ must obviously extend its 
a e 9 cover any kind of performance whatever, it 
Ч ш desirable to continue its employment in this 
Е m to use the term ‘aptitude’ when only thein- 
rude of the ‘ability ’isintended. Employing the 
15 way,we should say that a person actually able 
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to carry out * mechanical’ work has ‘mechanical ability ', 
while one who has the appropriate innate mental constitu- 
tion for acquiring this ability (whether he has actually 
done so or not) may be said to possess ‘mechanical aptitude’. 

3. Mental Process. We shall refer to any mental act 
as a mental process. This may be either elementary or 
complex. In the latter case it may be analysed into more 
elementary processes. By ‘unitary’ processes we shall 
mean those which cannot be analysed into more elementary 
ones. Our knowledge of mental processes will naturally 
depend to a large extent on introspection. 

4. Factor. The existence of a ‘factor’ is sought in 
the relation between correlation coefficients rather than 
in introspection. We have already had occasion to use 
this term. Perhaps we may now generalize, and define a 
* factor ' as part of the constant cause of correlation between 
two or more performances. Unlike a mental process, a 
factor is not necessarily a psychological entity—its inter- 
pretation will depend on the analysis of the performance 
in which it is found to occur. 


AIM OF THE PRESENT RESEARCH 

The chief questions which arise in connection with our 
problem may now be formulated as follows: 

The Existence of ‘ Mechanical’ Aptitude. We have seen 
that no satisfactory proof has yet been offered that the 
ability to deal mentally with mechanisms involves а special 
aptitude. Consequently before attempting to describe, 
or measure, such an aptitude, our first problem must be 
to inquire into its very existence. To do so we must first 
determine whether ability for one kind of ‘mechanical’ 
work (the psychological nature of which will itself call for 
examination) goes with ability for other kinds, i.e. whether 
a measurable ' ability ' for this sort of work exists. Should 
this prove to be the case, our next step must be to inquire 
into the factors involved, and especially how far this 
ability depends on the general factor, and how far on 
specific, or group, factors peculiar to the work itself. 
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The Nature of ‘ Mechanical’ Aptitude. So much for the 
quantitative aspect of our study—but this alone, how- 
ever fruitful in showing the existence of factors, can tell 
us little about their psychological nature, for this is the 
work of subjective analysis. Consequently, alongside of the 
measurement of ability at the various tests must goa 
qualitative study of the nature of the mental activities 
which they involve. Here, by means of introspection, 
we shall aim at resolving these activities into their unit 
Processes. By so doing we may hope to gain insight into 
the nature of any special ‘ mechanical’ aptitude, or other 
factors, which our measurements may disclose. 

The Measurement of ‘ Mechanical’ Aptitude. If our 
inquiry is to bear practical fruit it is not enough to show 
that a special ability exists, we must also know how to 
measure it. Consequently we shall examine our data for 
any indication as to how we may measure, with sufficient 
accuracy, any special ability that may be revealed to us, 
keeping in mind the facts relating to the general problem 
of mental measurement discussed above. 


Significance of Results. Finally, it is important to 
inquire into the psychologi 


y questions bearing on 
ion which a clearer understanding 
may hope to throw light on. 
reserved for the latter part of 


our inquiry, 
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the way the mi 
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CHAPTER IV 
GENERAL PLAN OF THE RESEARCH 


d DEVELOPMENT OF NEW TESTS 


/ Bue TION of Existing Tests. It seemed 
desirable to start with material closest to hand, 
namely, existing mental tests. The most promis- 

ing of these—the ingenious assembling tests devised by 
Stenquist—were given to adults and to children of both ` 
sexes. The results, however, did not prove satisfactory 
for our present purpose, for the tests showed little corre- 
lation with each other, and were found to involve a cer- 
tain degree of digital strength and skill; moreover, the 
subjects were frequently familiar with the objects to be 
assembled. It therefore became necessary to devise new 
tests, which would call for those mental processes which 
seemed to form a characteristic element in the operations 
commonly attributed to ‘mechanical ability’. 


DESIRABLE TEST QUALITIES 


In devising these tests we were guided by the following 
considerations : 

(т) Saturation. In order to simplify the subsequent 
work of interpreting results, and to ensure the maximum 
‘saturation’ with mechanical operations, any obviously 
non-mechanical operations (such as those involved in motor 
dexterity) should be avoided. 

(2) Unity. In an inquiry into the relationship between ' 
mental abilities, or qualities, it is desirable that each test 
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should involve one measurable quality only. To this end 

- the various sub-tests (or parts) of a test should call forth 
as far as possible the same sort of ability. This property 
of a test might be called its ‘unity’. Its presence will 
be shown by the correlation between the sub-tests. 

(3) Reliability (or Constancy). A measuring instrument 
is not satisfactory unless it gives constant measures when 
applied to the same thing under the same circumstances. 
Similarly, a test would not prove a reliable measuring 
instrument unless its various ‘forms’ yield concordant 


measures. Some indication of the extent to which this ` 


may be the case is afforded by the correlation between the 
two halves of a test (known as its ' reliability coefficient ’). 
By increasing the number of elements in a test (and so 
increasing our ‘ sample ’ of the performance to be measured) 
and by decreasing the units of performance employed as 
a basis for marking (so that smaller differences in ability 
may become apparent), we tend to increase its reliability. 

(4) Duplicability. For practical purposes it is important 
that attempts at coaching for the tests should be frus- 
trated. To this end it should be possible to prepare many 
‘forms’ of the same sort “of test. Consequently the 
material of the test should be of such a kind as to render 
this possible. 

(5) Objectivity. The difficulty of measuring ability at 
any complex performance by purely objective criteria is 
well known, and accounts for the fact that tests involving 
drawing, composition, handwork, construction, and similar 
complex activities are often marked by reference to a 
subjectively determined scale. Owing to the unreliability 
ofa subjective estimate we preferred to make our tests 
and marking entirely objective in character by assigning 
a definite mark to every point at which the subject had 
an opportunity of making a response. Where subsequent 


experiment showed that some points i E: 
difficult than ot Hos the former КОЛУП 


f hers the marks for the former were slightly 
raised. Where correct alternative solutions were given 
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they were, of course, accepted, and so marked that the 
maximum score was the same irrespective of the method 
adopted. 

(6) To Measure ‘ Aptitude’ rather than ‘ Achievement’. 
Since we wish to investigate innate mental constitution, 
and to obtain tests which would measure a person’s latent 
‘power’ to profit by appropriate training rather than a 
concrete ability acquired as a result of training, the tests 
should, as far as possible, be independent of scholastic 
attainments and of special knowledge or training (including, 
of course, special environmental influences). They should, 
in other words, measure innate ability or ‘ aptitude ’ rather 
than achievement. 

(7) To Measure ‘ Power’ rather than ‘ Speed’. Without 
suggesting that these are independent, we wished to 
measure ‘ power’ rather than mere speed. Consequently 
we included questions of varying difficulty, and com- 
pensated for certain disadvantages that this might bring 
by making successive variations in difficulty small, and 
arranging the more difficult questions in such a way that 
points could be scored at parts of these by subjects who 
might be unable to answer the whole question. To do 
this we aimed at selecting material which would lend itself 
to the construction of problems of varying difficulty, and 
arranging these problems so that while all subjects would 
be able to do some, none would do all. 

Construction of New Tests. We sought to incorporate 
these features in a variety of new tests, so constructed as 
to involve, in a high degree, those elements which we had 
found to characterize the various operations commonly 
attributed to a ‘mechanical ability’. These tests were 
“tried out’ and revised in the light of experience until | 
they gave sufficiently reliable results to warrant their use 
on a larger scale. 

THE SUBJECTS 

(т) Untrained Subjects—Commerce Students. When the 

tests had reached a suitable form they were given to several 
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groups of students of both sexes attending a Senior Com- 
mercial Institute, and varying from 14 years to adult age. 
These were attending courses in English, mathematics, one 
(and in some cases two) foreign language, theory and 
practice of commerce, and, in some cases, shorthand and 
typewriting. None had received technical training in 
engineering subjects. All were destined for commercial 
work. In these respects they differed entirely from the 
R.A.F. subjects described below. " 

For instructional purposes they were divided into the 
following groups according to their educational attain- 
ments and age: 

Group I, forty ex-service men, most of whom were over 
twenty years of age. On leaving the army these men had 
taken advantage of a Government grant to improve their 
qualifications, with a view to taking up commercial work. 

Group II, a class of ten boys and sixteen girls, of average 
age fifteen years eight months. These subjects were in 
the second year of a two years’ commercial course which 
was begun nominally at the age of fourteen. 

Group III, a class of twelve boys and ten girls of average 
age fourteen years six months, in the first year of the above- 
mentioned commercial course. ` 

In order to examine separately the data relating to 
each sex, the boys of Groups II and III were put together 
to form a Group A, and the girls similarly to form а 
Group B. : 

(2) Elementary School Boys. The tests were subse- 
quently given to the three upper classes of a London 
elementary boys' school, numbering altogether 114 subjects 
Whose ages ranged from ten years to fourteen years three 
months. None of these had received special training in 
mechanics or any other technical subject involving а 
knowledge of mechanisms. They were encouraged, how- 
Stee’ to make things at home, and some emphasis was 
iue anor in school. In this the boys were 

Sed to develop their own ideas, and a few who 
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showed special aptitude were allowed to devote extra time 
to woodwork at a bench which had been specially installed 
for this purpose. Many of the elder boys attended a 
manual training centre where they were taught woodwork 
on one afternoon each week. In a school of this type the 
more intelligent of the pupils above eleven years of age are 
‘creamed’ -off to attend Secondary or Central schools. 
Beyond this, these subjects were unselected and untrained 
as regards mechanical work. They were tested in the 
following groups: 

Group IV, the sixth and top class of the school, con- 
sisting of 36 pupils, of average age 12 years II months. 

Group V, the fifth class, containing 37 pupils of average 
age I2 years 5 months. : 

Group VI, the fourth class, numbering 41 pupils of 
average age II years 5 months. 

(3) Trained Subjects —R.A.F. М echanics. Our third 
set of subjects consisted of 228 students taking the Passing 
Out Examination of a large R.A.F. Technical School, after 
a three years’ course, to qualify as mechanics in various 
trades in the R.A.F. These students enter the school 
as Boy Mechanics between the ages of 15 and 16 years (in 
exceptional cases the age may be extended to 17 years), 
and receive a three years’ apprenticeship training in one 
of a number of trades together with a course of education 
including English, citizenship, practical mathematics, 
applied mathematics, mechanical drawing, general science, 
and physical training. The boys are not allowed to com- 
plete the course unless they pass the intermediate tests 
and otherwise show satisfactory progress during the period 
of training. Among the more important trades into which 
the successful candidates pass out are those of carpenter, 
pattern maker, coppersmith, draughtsman, various kinds 
of fitter, instrument maker, wireless operator mechanic 
andelectrician. This group, then, had been both ' selected ’ 
and ‘trained’ for this kind of work. It is referred to in 
our results as Group VII. 
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THE DATA COLLECTED 


(t) From the Commerce Students. After the specially 
devised tests had been tried-out on a limited number of 
adults and children they were given, as group tests, to the 
commerce students. It was not found possible to give 
all of the nine tests employed to every group. This hardly 
mattered since our main object, in this early testing, was to 
see whether the tests could be suitably used as group 
tests, and whether they were likely to yield the kind of data 
required to throw light on our problem. In addition to 
these special tests some of the subjects were able to take 
one of the customary forms of ‘intelligence ' test.! 

(2) From the Elementary School Boys. The results 
obtained with the commerce students proved to be of 
sufficient promise and importance to warrant the further 
collection of data. Consequently, after slight modifica- 
tions had been introduced in the light of these results, the 
tests were given to the elementary school boys. In 
addition, these pupils’ grades at their last three school 
examinations, based in each case on all twelve subjects 
of the curriculum, were supplied by the head-master. In 
the case of those pupils who attended the manual training 
centre, two estimates of ‘ ingenuity’ as shown (т) in 
woodwork, and (2) in technical drawing, were obtained 
from the manual training master. The aim of the research 
was explained to the master who kindly undertook to give 
these estimates, and he was asked to base the latter as far 
as possible on the originality and ingenuity displayed by 
е pupils rather than on manual skill and care in executing 

€ Work. At the same time the estimates can hardly be 
Red to be entirely free from these influences. It was 
г D кеннщ to obtain similar estimates of ' ingenuity ' 
Sia ass teachers, but the teachers of the fourth and 

asses felt that the pupils’ work in school did not 


ое sufficient opportunity for Observing this trait. In 
е actual tests and other measures empl i : 
L | oyed in the research 
А аге described in detail in the following peus 
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the sixth (and top) class the pupils had been in the habit 
of showing their teacher the various objects which they 
had been encouraged to make at home, and greater oppor- 
tunities of doing handwork in school were provided. 
Consequently the teacher of this class was able to supply 
two estimates of ingenuity, one based on the handicraft 
carried out at home, the other on the handwork done at 
school. Although both estimates aimed at measuring the 
same sort of ability, it is possible that, being derived from 
different sources, different factors may have operated in | 
each case. For this reason we have kept them apart in 
our data. 

(3) From the R.A.F. Mechanics. Subsequently, we were 
able to give two of the tests to our last batch of subjects— 
the candidates at the Passing Out Examination of the 
Royal Air Force School. These also took a ‘ Mental 
Efficiency Test’ devised by the Education Department 
of the Air Ministry, and an intelligence test devised by 
Professor Spearman. The mental efficiency test consisted 
of two parts which have been kept distinct in our data, 
for the first of these resembled certain kinds of intelligence 
tests while the second seemed akin to our own tests. We 
were also able to obtain the subjects’ positions at the 
Passing Out Examination, which consisted of (1) a compre- 
hensive written examination in the subjects (mainly 
technical) of the school curriculum, and (2) a practical and 
theoretical test in trade knowledge and ability. These, 
together with the tests, are described in detail in the next 
chapter. 


TREATMENT OF DATA 


Testing the Tests. Our first step was to inquire whether 
the measurements provided by the tests could be relied 
on. How far, for example, did the scores yield genuine 
measures of the sort of activity involved, and how 


1 For example, we should expect interest and home environment 
to play a larger part in home handicraft than in school handwork. 
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far, on the contrary, were they affected by зше 
influences? Information on this point is given by ; s 
correlation between those tests (or parts of a test) ber. 
purport to measure the same activity, for mene 
the same thing should, of course, agree within the im E 
of experimental error. Where complex psychologie 

activities are concerned perfect agreement cannot 3 
expected. In this case the correlations serve the impor aai 
purpose of informing us of the extent to which our me, 
ments must be repeated and in some way pooled ', Ч 

order to yield а sufficiently reliable measure. The E 
sive data obtained from the commerce students and the 
elementary school boys were employed to investigate this 
question of reliability. With a view to the further pe 
ment of the tests by eliminating those parts which showe 

little correlation with the rest, we have determined me 
correlation between each pair of sub-tests, in the case 0: 

the elementary school groups. 

Examining for Factors. The next part of our research 
is concerned with discovering what is measured by our 
Various tests and estimates. How far, for example, do 
they all depend on the same kind of mental ability, and 
how far on independent abilities? To what extent does 
ability at the ‘mechanical’ tests go with ability for school 
work? Is there any evidence for a special ability which 
might appropriately be called * mechanical’ aptitude ? 


This inquiry into the factors involved has been effected 
by calculating the coefficients of 


correlation between the 
various parts of our data and examining these in the light 
of Spearman’s criterion for a single common factor. 

M easuring the Factors. Our results disclosed the pre- 
sence of a special * mechanical ’ factor. Consequently our 
Пехі step was to inquire how far success was due to this 
factor, and how far to the general factor (g). То this end, 
coefficients showing the extent to which the tests in ques- 

B It will be Seen later that 


each of the tests employed was con- 
Stituted of some half-dozen sub-tests, 
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tion correlate with each of these factors were calculated. 
These coefficients in turn were used to work out the method 
of measuring the specific factor—or special ability—in the 
case of any individual. 


ANALYSIS OF TESTS 
While the quantitative work outlined above was able 
to indicate, objectively, the factors involved in our data, 
it could throw little light on their psychological nature. 
For this purpose it was necessary to make a qualitative 
study of the mental activity itself. The tests were there- 
fore submitted to a subjective analysis, based mainly on 
the introspections of trained psychologists, and carried 
out in the light of Professor Spearman's principles of cog- 
nition. The method adopted here, and the results arrived 

at, are dealt with in a separate chapter. 


CHAPTER V 
DESCRIPTION OF, TESTS! 


SERIES L—TAKEN BY COMMERCE STUDENTS 


OR the sake of clearness it will be well to describe 
F our tests in the same serial order as they | 

given. Those used in Series II and III are по 
essentially different from the tests of Series I, but consti- 
tute slight modifications of them. The following tests 
were taken by our commerce students. 


“MECHANICAL MODELS’ 


This kind of test employs a series of mechanical models. 
These were so devised that the subject could only see the 
first and last link in the series of mechanical events which 
occurred when the model was worked (by hand). He 
was Tequired to indicate by a simple sketch (with the 
addition of such words as he thought necessary) how the 
observed movements were brought about. Each model 
was made large enough to be clearly visible to a group of 
forty children seated in an ordinary classroom. The time 
allowed the subject in which to work out his answer varied 
from 3 minutes for the simpler models to 10 minutes for 
the more difficult ones. Words such as ‘ pivot’, ‘slot, 

Joint ', which the subject might wish to use in describing 
his methods, were explained beforehand, and the solution 
of the first model was worked, on the blackboard, as an 


example. It was impressed upon the subjects to make 
2 Information concerning the tests here described may be ob- 
tained from the author, 
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their drawings clear, and to put in all necessary parts, but 
marks would be given for ideas and not for ability to 
draw, and that it did not matter whether they drew their 
answer from the back or from the front point of view. — 

The explanation accompanying the exhibition of the 
first model is necessarily somewhat lengthy, but when 
once the subjects have grasped what is required of them 
the experimenter has only to exhibit the model and to 
point out the essential features to be observed about it. 
Some examples, with diagrams, must suffice to indicate 
the kind of concrete models used. 

Example. After suitable introductory remarks have 
been made, a large copy of the model illustrated in Fig. т 
is held up before the group. The experimenter slowly 
pushes handle A up with one finger, remarking, ' Notice 
carefully that when this handle is pushed up the other 
one also moves up, so that both handles move at the same 
time, also when this is pushed down (illustrating) the 
other handle comes down. Notice, too, that the model 
will work from either handle (illustrating by moving 
handle B up and down), and in any position (illustrating 
by working the model on its side, and upside down). 
Now make a simple sketch to show how you think the 
model is made. First put in the square (C D E F) and 
the two handles. Then put in the parts which are neces- 
sary to make the model work.' One solution is shown 
in Fig. rA. 


с р 
Е 
Fic. 14.—Answer. 


FIG. 1. 


Sixteen models of varying difficulty were prepared for 
this first series and were grouped into tests as follows :— 
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Test M, 
Test M, consisted of the following 5 models : 
Model r—as above example. 
Model 2: 
Points to observe: When handle A is moved upwards, 


RS 
A 


button B also moves upwards in the slot ; when A moves 
down again, B moves down. Model works in any position. 
Model 3: 
Points to observe: When A is pushed to the right, B 
travels up its slot; when A is pushed back again (to the 


e= 
A 


), 


left) B travels down. Model works in any position. 
Model 4: 
Points to observe : With B in its present position, window 
(aperture) W is closed by a shutter behind it; as B is 
pushed up the slot, W opens and remains so until B reaches 


B 


the top of its slot, when W again closes. As B travels 
a its slot W opens and remains so until B reaches the 
ottom of the slot, when W again closes, When B is at 
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the bottom or top, W is open ; for all other positions of 
B, W is shut. Model works in any position. 

Model 5: 

Points to observe: In the present position of buttons A, 
B and C, the window is closed. When B is pushed up 
along its curved slot, both A and C travel along their slots 


wma В 


and W opens. The movements of A, C and W are reversed 
when B is pushed down again. Model works in any 
position. 


Test M, 
Test M, consisted of the following three models: 
Model 6: 
Points to observe: When one string (D) is pulled, C 
travels down its slot, while A and B move apart (along 


their slots); when E is pulled the reverse movement 
occurs. Model works in any position. 

Model 7: 

Points to observe: A and B are buttons which work in 
slots. When handle C is pushed to the right B travels 
down, and A up, their respective slots, their movements 
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occurring simultaneously. If, when A and B have ear 
the other extremities of their slots, C is released, 


buttons (A and B) travel back to their original pee 

(as drawn) of their own accord. Moving c to the "eos 

no effect on the buttons. The model works in any po 
Model 8 : 


: А, 

Points to observe : The model is ready to Sur T d 

B and C occupy the positions shown. When A is d ihe 
along the slot to the right, B and C travel along 


| e 


Gc 


other ends of their slots, When A is pushed back x 
first position nothing happens to B or C,—they d a 
pushed back into their original positions if the model is 
“work’ again. The model works in any position. d 
Tests M, and M, consisted of another 5 models and 3 


models respectively, and were similar in principle to those 
already described. 


“MECHANICAL EXPLANATION’ 

In this kind of test the subject is presented with a PH г 
Containing severa] mechanical diagrams each of which 
is accompanied by a written description of it. „Не 15 
required to answer а set of questions about each diagram 


Which involve the explanation of the way various parts 
of the depicted mechanism work, 
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Test E, (35 mins.) 
No marks of any kind to be made on this paper. 
т. A B and C D are two rods which balance at the ends 
of firm upright supports as shown in the diagrams. Band 
C are connected by a wire exactly as shown. 


A B GILA D 


(a) If a 2-pound weight is hung at A and a 1-pound at 
D, what would happen ? 

(b) If the 2-pound weight were transferred from A to 
B, what would happen ? 

(c) If B were fastened to D by the wire, instead of to 
C, the rods and weights remaining exactly as in 
the diagram, what would happen ? 

(d) If B remained fastened to D and the 2-pound weight 
was transferred to B, what would happen ? 

2. A B C is a triangular piece of metal turning round 
on the pivot O in a clockwise direction. D K is a wide 
rod with a slot cut in it. P is a pin fixed firmly to 
A B C and passing downwards through this slot. EF 


and G H are long narrow slots cut in the base of the model. 
K and D are pins fixed firmly to the slotted rod D K and 
passing downwards through the slots E F and G H respec- 
tively. You may assume the model works. 
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(a) When A B C revolves, which point moves quickest 
and which slowest ? 

(b) Can you name the path along which A travels? 

(c) How does K D move? t 

(4) Does K D move at the same rate throughout its 
journey ; if not, briefly describe its kind of move- 
ment, saying when it is moving slowest, and 
when fastest. 


(0) If A turns clockwise, in which direction will C 
pi 


turn ? 
(b) Which Will turn round slowest and which quickest ? 
(c) If, without changing the speed of A, you wished 
to double the speed of C, how would you alter 


the size of А? (Give as accurate an answer as 
Possible.) 
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(d) If the speed and size of A were unchanged, how 
would doubling the size of B affect the speed of 
С? 

(e) If a chain having links is passed over the wheels, 
as shown, say accurately what will happen to 
W when P is pulled down one foot. 

(f) Which, if either, will travel quicker, P or W? 

(g) If C were made the same size as A, would this change 
alter the effect on W when P is pulled? If so, 
say exactly how. 

(h) If B were made the same size as A (C remaining its 
original size of 80 cogs), how would this change 
affect (if at all) the working of W when P is 
pulled ? 

(i) If C were taken away so that W hangs straight from 
B, how would the change affect the result of 
pulling P (if at all) ? 

(j) X, Y and Z (diagram 5) are three equal-sized cog- 
wheels fitted together, all touching each other as 
shown. When Xis pushed in the direction shown 
by the arrow, what happens to Z? 

4. A B is a rod pivoted at C; X D Y is a bent rod 

pivoted at D ; E is a piece of metal pivoted at its centre; 
separate pieces of wire connect B to X, Y to E, and the 


other arm of E to the weight W, after passing over the 
pulley-wheel F. The various pivots are held firmly in 


position by suitable supports. 
(a) If A is released from its present position, would it 


rise or fall? 
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(b) When A is pushed downwards, what happens to W ? 

(c) When A is raised, what happens to Y ? 

(d) When A is raised, what happens to W ? 

(e) If the wire passed straight from the arm of Y to the 
pulley F, which way would you move A in order 
to lower W 2 

(f) If, instead of having the wire B X, the arm X were 
lengthened and pivoted to B, what would happen 
if A were pressed upwards ? A 

(g) If all the parts were held in their present positions, 
then B Y joined by wire and B X cut, also X _ 
joined to E and the wire from E to Y cut, what 
would happen when the parts were released ? 


Test E,. (35 mins.) 
т. A B is an L-shaped rod fixed rigidly to an upright rod 
C. From A and B the weights X and Y are hung. If C 
were rapidly turned (but kept in its upright position) 


С 


y 
X 

(а) Say exactly how X would travel. V 

(b) How would the distance X Y change ? 

(c) Which would move faster, X or Y, or is there no 

difference ? n 

2. X Y is a rod pivoted at O to a support. Е F 15 

a string connecting one arm of the rod to the support. wW 


ENS X, 
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В а weight supported by three strings and just balances 
(a) If а and b were cut, how would it affect the balance 
between W and Р? 
(b) If W were doubled, how would it affect P ? 
(c) If P were doubled, what would happen to W? 
3. X Y is a straight piece of wood. A string tied at C 
passes over wheel A in an anti-clockwise direction, then 


round B in a clockwise direction as shown. It is then 
pulled tight and tied to Di 

(a) If X Y works on a pivot at E, say exactly what will 
happen to A and B if Y is pushed to the left. 

(b) If the pivot is moved from E to F, what will happen 
to A and B if Y is pushed as before ? 

(c) If X Y were taken away and the string passed over 
the wheels K and M instead of being tied to X Y, 
what would happen to A and B when K was turned 
clockwise? (Капа Marefitted together exactly 
as shown.) 1 

4. AB C is a triangular piece of metal, pivoted in an 

upright position at O. D isa pulley wheel over which a 
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single piece of elastic cord stretches from B to A. Weights 
W and P are hung from B and C. 
(a) If the whole remains at rest in the position shown, 
which arm of the elastic is pulled more, D А or 
D B, or is there no difference ? 
(0) Say, by looking at the diagram, which is heavier, W 
or P? 
(с) If D were moved farther from A horizontally, would 
B rise or fall? s А 
5. A B and C D are tworods pivoted at their centres to 
uprightsupports. Five-pound weightsarehungat C and D, 


A B 


C and D are then fastened to B by strings exactly as 
shown. 
(a) If 15 pounds is then hung at A, what, if anything, 
ý will happen to Р? 
(b) If B D is then cut, what will happen to C? 
(c) If the weight at A is then changed to 2 pounds, what 
will happen to B ? 
6. A Bisa rod which slides in the groove shown. When 
the string S is pulled B rises to the top of the groove and 


A 


B 
5 үр 


returns to the 


D bottom when T is pulled. 


taw à simple diagram showing how this is done. 


\ 
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Test EC. (35 mins.) 


This consisted of 8 sub-tests. Six were of the ‘ explan- 
ation' type. In the remaining two the diagrams were 
incomplete, the problem being to complete the diagram 
So as to show how some given mechanical arrangement 
could be brought about. 

т. A Cisa rod balancing on a pivot at B. Wisa weight 


A B c 


hanging from A. AB measures one foot. BC measures 
two feet. 

(a) If C is pushed downward through a circular distance 
of т foot, say exactly what will happen to A. 

(0) Will W changeits distance from the ground by more or 
less than, or the same as, A’s distance changed ? 

2. The wheels of cycle A are larger in circumference than 

those of cycle B. Both cycles are similar in every other part. 

(a) On which cycle would you have to press harder to 
pedal то miles per hour along a level road? Give 
reasons if you can. 

(b) If the cranks of a cycle were made longer, would you 
have to press harder or not so hard in conse- 
quence ? 

3. The diagram shows an iron bracket fixed to the wall 
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by the holes at a, b, c, d, e, f, g, and k, and supporting the 
heavy weight w. | 
(а) If you had only two screws with which to fix po 
bracket, where would you put them in order to 
fix the bracket most strongly ? 
(b) If you had only one screw, where would you place 
it? : 


4. A B is a straight rod pivoted at О. CD is an L- 
shaped rod pivoted at C. W isa weight supported by a 


string fastened at D and passing over a pulley wheel as 
shown. 


(2) If A is gradually pulled downwards, say exactly what 
D would do. 

(b) Say exactly what W would do. 

5. AB C D are four strips of wood hinged together. 

Draw a diagram to show how you would fix this frame , 


rigid by nailing straight strips of wood to it and using 

the least possible number of strips. а 
6. A Bisa rod pivoted at O to a support. Cisa trian- 
gular piece of metal pivoted at P to a support. A heavy 
weighthangsfrom B. A Cis joined by a string and a string 
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from C passes over the wheel D, as shown. If its end E 
is pulled in the direction shown by the arrow, P 


(a) Say what will happen to C, and 

(b) What will happen to W ? 

7. Show on a diagram which part of a cart-wheel moves 
quickest at any given instant while the cart travels along. 
Explain why. 

8. ABCD is a table-top. Z is a trolley running on 
rails, When the wheel W is turned clockwise Z moves 


A B 


“© 


> == 
р c 


о the right. When W is released 2 automatically runs 
ack. 
Draw a diagram to show any simple arrangement which 
will do this. 


‘MECHANICAL DIAGRAMS’ 
Test D 
For this test six large diagrams were prepared. The 
first two represented actual objects! (a brake band and 
an automatic tipping scale), while the remaining four 
represented various mechanically connected items, such as 


1 It is unlikely that any of the subjects taking this test would 
have met with these objects. 
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rods and wheels, which although working together con- 
stituted no existing object. Each item was clearly lettered. 
The subjects were required to describe, by referring to these 
letters, how the mechanism worked. With the commerce 
students the diagram was simply exhibited and the subjects 
were allowed to write their descriptions as they thought 
best. With the younger elementary school groups it was 
found more reliable to point to, and name, the various 
parts of the diagram, taking care to give no hint as to how 
they moved when working, and then to ask questions about 
the working of these. The diagrams and questions were 
as follows : 
Diagram 1. 


(а) What happens when C is pushed upwards ? 
(b) What is D for? 


Diagram 2. 
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(2) Explain what would happen if the tap C were turned 
on and left. 
(b) What is H for? 


Diagram 3. 


(а) What happens to I if A is turned clockwise ? 

(b) If A's direction of turning were reversed, would it 
affect I's movement ? If so, how? 

(c) If E were removed, would it affect the working of the 
machine ? If so, how? 

(4) What is J for? 

(e) Why is J this shape? 

(f) What is H for? 


Diagram 4. 


(a). When B is let go, what happens to R? 
(b) When B is let go, what happens to К? 
6 
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(c) When I is turned, what happens to M? : 
(d) When P moves up and down, what happens to R? 


Diagram 5. 


(a) What is D for? 

(b) What is I for? 

(c) When A is turned, what happens to Е? 

(9) When A is turned, what happens to P? 

(e) What part, if any, would stop working if W were 
removed ? 


Diagram 6. 


(a) If steam is passed through A, what happens to OF й 

(b) What is J for? р 

(с) Which way does M move? (Show by drawing an 
arrow. 

(4) Which way does I turn ? 

(e) Say exactly how K moves. 

(f) Say exactly how O moves. 
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‘Knots’ 


Test K 


On each of 20 cards large enough to be seen by the group 
was drawn, in outline, a rope having various twists and 
turns in it. The cards were presented in turn with the 
instruction : 

* A and Bare the ends of a piece of rope lying on a table. 
If A and В were picked up vertically from the table and 
pulled apart, how many knots, if any, would be tied in the 

rope?’ The making of a single knot was demonstrated 
practically. As this test proved to have no special value 
as a ‘ mechanical ' test, it was not used in subsequent work, 
and we give here an example only of the diagrams used : 
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' INTELLIGENCE ' 


Test G 


In addition to the above specially devised tests it was 
found possible to give to Group II certain of the tests 
employed as part of the customary ' battery ' of intelligence 
tests, These were given merely for purposes of comparison 
with the other tests and were not intended to measure, 
in any complete sense, 'intelligence', or g. The tests 
employed were those known as ‘ opposites ’, ‘ completion ’ 
and ‘mixed sentences’. In the first of these the subject 
was required to write against each of a series of words one 
of opposite meaning; in the second, to complete a series 


of sentences by supplying suitable missing words; and in _ 


the third, to place in correct order the words of a dis- 


arranged sentence. Test G is the combined score at the 
three tests. 


SERIES IL—TAKEN BY ELEMENTARY SCHOOL 
BOYS 


‘MECHANICAL MopEts’ 
Tests М, M,, M, 


For this series of experiments eight additional models 
of the kind employed in Series I were constructed, making 
altogether twenty-four. They were originally divided into 
3 groups of eight each, constituting tests M, M, and Му. 
One of the models in М», however, was found to be too 
difficult for these subjects and was consequently omitted, 
leaving only seven in this test. Each test included models 
of varying difficulty —from quite simple to rather complex 
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mechanisms. Apart from the greater number of models . 
introduced, and a consequent re-grouping of them, these 
tests were similar to those already described on pages 
46-49. 

‘ MECHANICAL EXPLANATION ' 


Test Е,. (35 mins.) 
Five sub-tests of the 'explanation' type, three being 
modifications of those used in Series I : 
I. W is a wheel fixed to an upright wall so as to turn. 
A B is a rod fixed to the same wall by a pivot P so as to 


ol ^ 


turn round on it like the arm of a windmill. A string 
is tied to A and passes over a pulley wheel (a small wheel 
with a grooved rim) as shown at D. 
(а) What happens when the string at S is pulled? 
(b) What change could you make in the way of fixing A B 
if you wanted the model to work with more force 
when S is pulled ? 4 , 
2. A Cis a rod fixed to the support B D so as to turn on 
a pivotat B like the beam of a pair of scales. W isa weight 
hanging from A. 
(a) If the rod A C balances, is the part B C heavier, not 
so heavy, or equal in weight to W ? 


A B [e] 
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(b) If C is pushed six inches nearer to the ground, will 
' Arise more than, less than, or the same distance ? 


(c) If you wanted W to travel further from B, would you” 


push C up or down from the present position ? 

(2) As C is pushed down, would it trace out in the air a 
straight line or a curve ? k Р 

(e) If C were pushed down from its present position until 
W was raised three inches higher (measured from 
the ground), would A have to pass through more, 
less, or the same distance (3 inches) measured 
exactly along the path A would travel ? 

3. Wisa large wheel fixed to an upright wall. On each 
side are pulley wheels, A and B, also fixed to the same 
wall P and Q are weights. Strings from these pass 
upwards over the pulley wheels. The loose ends of these 


strings have not ye 
shown at C and D. 
(2) To which letter on the rim 
fix C, and to which would you fix D, so that when 
W is turned for a short distance in the direction 
of the arrow both weights rise equally ? 
(b) To which letter would you fix P sothat it first rises 
and then falls when W is turned as before ? 
(c) Where on the rim would you fix them so that both 


Weights rise, but P rises more than Q when W is 

turned ?_ 

4. AB is a strai 
turn on a pivot a 
an L-shaped rod 


t been fastened to the wheel but are 


of the wheel would you 


ght rod fixed to an upright wall so as to 
t O like an arm of a windmill. CD is 
fixed to the wall so as to turn on a pivot 


BUNC е ы 
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€ Е The pulley wheel is fastened to the wall as shown. A 
String is fastened to D, passes over the pulley and holds 
ше weight W. The whole remains at rest in the position 
shown. 


A C 


B 


(а) If A were pulled downwards until it could go no 
farther, would C D move? If so, describe exactly 
the path D would trace out in the air. б 

(b) Under the same circumstances describe how W 
would move (if at all). 

(с) If W grew heavier and heavier and C D is left un- 
touched, will CD alter its position? If so, 
describe exactly its new position (draw a sketch 
if you wish). 

(d) If the upright arm of CD were made twice as long 
and the pivot C placed correspondingly higher in 
the wall, the rest remaining the same, how would 
this change affect the way C D would move when 
A is pushed down ? ; 

5. АВ and C D are two rods fixed at their centres to 
upright supports by pivots so as to turn like a pair of 
scales, C and D are then fastened to B by strings exactly 
as shown. Five-pound weights are hung at C and D. 
What would you expect to happen 

(a) If 15 pounds were hung at A? 

(b) If 2 pounds were hung at A? 

(c) If 15 pounds were hung at A and BD cut? 

(d) If 2 pounds were hung at A and B D cut ? 
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And г A 
(e) If 16 pounds were hung at A, both weights remove 
from C and D and B D cut, what weights would 
you hang and where, so as to make A B balance 
horizontally (as drawn) ? ^ 
(Same diagram as for Test E,, Sub-test 5, p. 62.) 


' MECHANICAL COMPLETION ' 


Test C. (35 mins.) 


Six sub-tests of the kind referred to as ' mechanical 
completion’ in Test EC: 

I. Ais a wheel fixed firmly to a smaller wheel B so that 
both must turn together. C is another wheel with a 
handle fixed to it. Wheels В and C have grooved rims 


TPO 


over which a band is passed as shown, so that when C is 
turned the band turns B and this turns A. 
(а) What change, if any, would you make in this simple 
arrangement, so that when.C is turned one way 
A turns the opposite way? 

(b) Suppose you wished A to turn at the same rate as 
C (so that A turns once every time C turns), what 
would you have to take care to do when making 
this model ? 

(c) What change could you make in the model so as to 

increase A’s speed when C is turned ? 

2. The diagram represents a narrow box having holes 
in its front side at A and B. Suppose you wished to fix 
UP а simple arrangement inside, so that when a marble 
was pushed into the hole at A it hit the bell at C and then 

7 


2 
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came out of the box at B. Drawa simple sketch to explain 
how you would make this arrangement. The shape and 
position of the box may not be changed. 

3. ABCD is a large table-top. Z is a truck which 
runs on a pair of rails as shown. X and Y are strings. 
While X is being pulled in the direction shown by arrow, Z 


A B 
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runs to one end of the rails; while Y is being pulled as 
shown by arrow, Z runs to the other end of the rails. 
(а) Draw a‘simple drawing to show how this arrange- 
ment is brought about, 

(b) How would you arrange it so that while one string 
is pulled the truck runs from one end of the line 
to the middle and stops, and then while the other 
string is pulled it continues its journey over the 
rest of the line ? 

4. AB represents the floor of a room. X Y is a rod 


Y? 
OA B 
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passing through a holeinthefloor. W isa wheelina d 
below. K is a block which presses оп the wheel when the 
brake is on. R is a rod fixed to K. A 

(a) Make a simple drawing to show how you b 
arrange some mechanism so that when £i 
pushedin the direction of the arrow the brake y is 
pressed on to the wheel. Any pivots, rods, G Бр 
which you would use should be shown plain e 

(b) Can you suggest how you would arrange it so s 
when Y was released the brake K came off the 
wheel automatically? You may use the same 
drawing as for (a). 

(c) What special precaution would you have to take 
when planning this if you wanted the pressu 
exerted by K to be greater than that put on zA 

5. ABCD is a large flat, level table-top. Z isa smi 

truck which runs on a pair of rails as shown. W isa whee 
fixed to the table. (Same diagram as for sub-test 6, 
omitting P.) 

(2) Suppose you wanted to fix up an arrangement so 
that when W was turned by hand the trolley 
moved from its present position to the other 
end of the line; make a simple drawing to show 
how you would do it. E 

(b) Suppose you wanted the trolley, after reaching the 
end of the line, to run back of its own accord 
when the wheel was released ; make a simple 
drawing to show how you would fix up a simple 
arrangement for bringing the trolley back—there 
must be no mechanism on the trolley itself. 

(c) Can you suggest a way of increasing the speed of the 
trolley without turning the wheel W any faster 
than before ? 

6. The diagram shows the same table-top as before, but 

there are now two trucks (P and Z) and lines as shown. 

(2) Make a simple drawing to show how you would fix 
up an arrangement so that when the wheel. W 
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was turned each trolley ran to the other end of 
the line (in opposite directions). 

(b) Can you show, by a simple drawing, how you would 
arrange for Z to run twice as quickly as P when 
W is turned, both running in opposite directions 
as before ? i 


‘MECHANICAL DIAGRAMS’ 
Test D 
The same as Test D in Series I, p. 65. 


“SERIES IIL—TAKEN BY TRAINED MECHANICS 
Of our own tests the R.A.F. mechanics weré able to 
take the following : 


‘ MECHANICAL MopEts’ (MopIFIED PROCEDURE) 
Test M. (30 mins.) 


As circumstances made it impossible to present the 
actual models to this group of subjects, the procedure 
was modified by. presenting instead a drawing of each 
model, accompanied by a written description of the move- 
ments which occurred when the model was worked. As 
before, the subject was required to show how the described 
movements were brought about. Each subject was sup- 
plied with a paper containing five such diagrams (the first 
of which was worked as an example) and the following 


instructions : 4 
*Each of the drawings shows an unfinished sketch 


of some simple mechanism. Complete each one so as to 
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indicate how the movements described are brought about. 
You will be marked on the ideas you display—not on 
drawing ability. Show essential points clearly. Draw 


freehand, in pencil. The first is worked as an example.’ . 
Example. 


т. B, a button, slides up and down a groove in a flat 
piece of wood. While H, the end of a rod, is being pushed - 


$ , 
Answer. 


down, the button B moves up. While the string S is 


puled, B moves down. Complete the drawing as 
instructed. 


2. The button B moves up the groove when the end of 
String X is pulled down. It moves down while Z is pulled. 


Р 
Complete the drawing. 
3. The same as Model 4 of Test M. 


xl 12 
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4. The buttons B and C work in grooves of different 
lengths. While B is pushed to the top of its groove C 
travels to the bottom of its groove automatically, and the 
shutter S uncovers an aperture beneath it. When B is 
pushed back again the movements of C and S are reversed. 
Complete the drawing. 

5. R is the end of a rod which, when pushed to the left, 
causes button B to travel along its groove in the same 


п 
C 


B 
cs 
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direction, and C to travel along its groove in the opposite 
direction. Complete the drawing. 


' MECHANICAL EXPLANATION ' 


Test E, 
This was the same as Test E, of Series II, p. 71. 


MENTAL ErFICIENCY EXAMINATION 
The Mental Efficiency Examination consisted of a group 
of mental tests devised by Colonel I. Curtis, Educational 
Adviser to the Air Ministry, and given as part of the 
Passing Out Examinations.! It falls into two parts. The 
following examples illustrate the nature of the tests 
employed. 


Part I.—Test A; 


Three sub-tests constituted this test as follows : 
Sub-test A. (3 mins) Two rows, consisting of figures 
or other symbols, were presented. In some cases the 


1See pp. 47 and 49. 
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figures followed the same order in both rows, in others the 
order differed. The subject was required to detect these 
differences in order. The rows increased in length as the 
test proceeded. А 

Sub-test В. (то mins) Неге the subject was presente 
with a row of numbers or other symbols, which when 
complete formed a regular series. Some of the numbers, 
however, were omitted and the subject was required to 
discover them. The whole test was composed of 11 such 
Series. 

Sub-test С. (то mins.) This was similar to Supt 
B with the exception that every series here consiste 
entirely of numbers, 


Part II.—Test А, 


Sub-test x. (то mins) The subject was required to 
indicate the position of the creases, and the effect of the 
cuts which result on folding and cutting a square sheet 
of paper in a given way. Two such problems constituted 
the 10 minutes test, 

Sub-test 2. (то mins.) This consisted of two parts. 
In the first of these the subject was told that a painted 
3-inch cube was cut up into rinch cubes. He was required 
to determine, mentally, answers to questions relating to 
the number of small cubes obtained, the number of saw- 
cuts necessary, the number of cubes painted on one side, 
etc. The second part was a variation in which the smaller 
cubes were Ie-assembled in stated ways. 


Sub-test 3. (то mins) The following is taken from the 
test, verbatim : 


“Tn a certain t 
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* The following diagrams are examples of such puzzles, 
in which the pieces are to be fitted together to form the 
figure shown on the left and so arranged that wherever 
a choice is open those pieces which carry odd numbers 
occupy the upper and right-hand part of the figure. 

* Consider each example in turn ; decide first which pieces, 
if any, must be turned over, and then the position each 
should occupy, bearing in mind in each case the rule as 
to the odd numbered pieces. Having done this, draw 
lines across the corresponding figure in the space marked 
Test 3 of Part II of your answer sheet, to mark the position 
of each piece. Then, in each division, write the number 
of the piece to which it corresponds followed by the letter 
T, if the piece has been turned over, and N if it has not 
been so turned. 

‘ Example I has been answered to show youexactly what 


E NU 


Sub-test 4. (ro mins.) ‘Each of the following dia- 
grams represents a simple mechanism constructed of flat 
metal plates and bars fastened to a wooden baseboard by 
screws, about which they can turn or slide. These screws 
are indicated in the diagrams by small circles containing 
a cross : for clearness their heads are not shown, but it is 
to be assumed that in all cases the pieces cannot be lifted 
from the baseboard. Where two of the metal’ pieces are 
connected by a pin-joint, the pin of the joint is indicated 
by a circular dot. 

‘ The metal plates and bars can be moved by the handles 
marked X, Y, or Z, and in each example the problem is 
to determine the character and sequence of the movements 
necessary to free the central plate, which it will be seen 
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is prevented from revolving by bolts that slide into notches 
in its rim. 

'Determine these movements for each example and 
describe them by entering, in the space marked Test 4 of 
Part II of your answer sheet opposite the words “ First 


movement ’’, * Second movement "', and so оп, (1) the letter 
representing the handle moved, and (2) one or other of the 
words “In”, “ Out”, “ Clockwise”, “ Counter-clockwise " 


according as the handle is moved towards or away from 
the centre, or is turned with or against the hands of a 
watch lying face up on the baseboard. ; 

‘Enter only those movements which are essential. 

“Be especially careful not to enter any which cannot be 
made. In the case of the first example, the entries have 
already been made to show you exactly what is required. 
Fig. 2 illustrates the type of diagram employed. 


EXAMINATION IN ScHOOL SUBJECTS 


The following details will indicate the nature of this 
part of the Passing Out Examination : 

Mathematics I. (3 hours) Part I of this paper con- 
sisted of fairly straightforward calculations imo 
arithmetic and geometry. ОҒ five questions, one require 
the working out of a solid shape from a plane figure, 
another a proof of a mechanical movement. Part I 
contained more difficult problems of a practical kind 
involving plane and solid mensuration, algebra а ne 
elementary trigonometry. One of the five questions 
involved the working out of relationships between the 
movements of parts of a mechanism, in another it was 
necessary to make use of certain telationships between 
the parts of a plan to calculate its area. ; 

Mathematics II.—Advanced. (3 hours) This was а 
more difficult paper in mensuration, algebra, elementary 
trigonometry and the calculus. Two of the ten questions 
Set needed a knowledge of mechanics, two others involved 
mechanical movements, and two required the working 
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out of space relations between objects from given bearings. 

Science I. (3 hours) This paper contained five prob- 
lems in applied mechanics and three in heat. 

Science ІТ. (3 hours.) This was a more difficult paper 
than the first science paper, and contained seven problems 
in applied mechanics and three in heat. ] 

Science.—Questions on Set Tasks. (3 hours.) In this 
paper the candidates were asked questions on some subject 
of which they had made a special study, and to solve 
problems thereon. These subjects were : (т) The Internal 
Combustion Engine and (2) Properties of Materials of 
Construction. The questions set in the above papers 
related, with few exceptions, to machines (in the wide 
Sense) or their parts. 1 r 

Drawing. (3 hours.) This was an examination in 
technical drawing in which each group of mechanics took 
the paper appropriate to his own branch of work. The 
candidates were required to draw plans, elevations, pro- 
jections, sections, etc., from given drawings. 

English I. (3 hours.) Inthis paperone hour was devoted 
to an.Essay, the remaining time to questions on English 
History. 

, English II. (3 hours.) The first two parts of this paper 
tested a candidate’s ability to write intelligently on matters 
of general interest, his knowledge of English literature 
and his general reading ; the remaining three parts dealt 
with History. 

TRADE TEST 

This part of the Passing Out Examination consisted of 
a practical workshop test in that branch of work for which 
the student had been trained, a viva voce test in Trade 
Knowledge, and a written paper in the same subject. 


К .  'INTELLIGENCE ' TEST ^ 
Finally, this same group of subjects took an ‘ Intelli- 
gence” test devised by Prof, Spearman which occupied 


I hour. This also formed part of the Passing Out 
Examination, 


CHAPTER VI 


THE TESTS EXAMINED AS MEASURING | 
INSTRUMENTS 


THE MEASUREMENT OF 'RELIABILITY ' 


v ESTS?’ and ‘ Sub-tesis. Before proceeding further 
it will be well to make clear the meaning of the 
terms 'test' and 'sub-test' as employed in 

this chapter. In Chapter V a certain pieceof work given 
with the object of measuring a person's ability for that 
kind of task has been called a test. This has been com- 
posed of smaller units of work to which we have given the 
name 'sub-tests'. It is these tests and sub-tests that are 
intended here. In our case (and usually) a test is consti- 
tuted by the whole piece of work carried out by the subject 
at any one sitting, while sub-tests are, of course, portions _ 
ofthis. Also, within the same test, one sub-test is similar 
to another as regards the material employed in it, and the 
kind of activity it is intended to measure, but may differ 
as regards length and difficulty. For example, the material 
of each of the sub-tests which form our ' Mechanical 
Explanation' Test consists of one diagram accompanied 
by a written description and several questions. The latter 
will be seen to differ slightly in number and difficulty from 
one sub-test to another. It is also implied that a person's 
score at the whole test is based on his scores at each of the 
constituent sub-tests. 

Measures of Reliability. We have seen that before much 
faith can be placed in a mental test we must be assured 
that were it (or a similar one purporting to measure the 
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same trait) repeated, the ratings given on each occasion 
would closely agree, and we have called this quality its 
‘reliability ’.1 The best measure of reliability is provided 
by the correlation between the ratings made at two distinct 
performances at the test carried out under similar con- 
ditions ; or where the test does not lend itself to repeti- 
tion, by the correlation between two similar tests. 
Where only one test is available a measure of its reliability 
may be attempted by comparing the ratings made on one 
half with those made on the other. Further light may 
sometimes be thrown on the reliability of a test by the 
correlations between still smaller portions of it, such as 
our sub-tests, especially as regards the factors making for, 
or against, this quality. But these various methods of 
estimating reliability will hardly be expected to agree with 
one another owing to the following influences. 


INFLUENCES AFFECTING TEST SCORES 


(а) Systematic Influences. The influences which affect 
the subject’s score at a test may be either internal or 
external. By the former we mean those factors into 
which the ‘work curve’ may usually be analysed, and 
which will therefore tend to be present always. Examples 
of these are the subject’s power to settle down to the task 
(to ‘ warm up’), the ‘ spurts’ he may put on from time to 
time, the practice and the fatigue that may be engendered 
during the course of the test. By external influences we 
mean those that are merely attendant on the special time 
and place of the test and so need not recur on subsequent 
occasions. Examples of such are the subject’s state of 
health (if abnormal) at the time of doing the test, his mental 
attitude towards the test, disturbing influences arising 
from the environment (such as poor lighting), the general 
State of fatigue and of practice with which the subject 
approaches the test as opposed to that incurred by the 
actual carrying out of the test itself. It is clear that in 


1 See p. 44. 
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giving a series of tests the external influences should be 
kept as constant and as normal as possible, so that the 
subject's scores may represent his ability under ordinary 
conditions. The internal influences are more or less 
unavoidable, and may even be desirable so far as they 
occur under normal conditions of. work. Nevertheless, 
it is well that such influences be under observation so that 
their extents, particularly as regards ‘fatigue ’~ and 
* practice ', may be known. 

(b) Random Influences. The external influences will 
tend to remain constant through the test, while the internal 
influences will usually follow the course which they ordin- 
arily take in the work curve. But there are other influences 
(both external and internal) which exhibit neither kind of 
regularity. They tend, instead, to be randomly distri- 
buted throughout the test. In the sum of a large number 
of sub-tests such random influences will tend to mutual 
cancellation. That is to say, the more sub-tests we take 
(ie. the more exhaustively we measure the ability in 
question) the smaller will the total relative effect of such 
influences tend to become. 

Effect on Reliability Coefficients. How, it may be asked, 
will these influences affect the measure of reliability ? To 
consider ‘first the internal systematic influences ; clearly 
these will be much the same in one test as in another 
similar test, but will tend to vary from one part to another 
of the same test. It follows that the reliability coefficient 
given by the correlation between two complete tests is 
less likely to be lowered by such influences than is the 
correlation between parts of the same test. Usually, how- 
ever, only one test is available and then the correlation 
between its parts must perforce be employed as a measure 
of its reliability. When this is so, the effect of the internal 
systematic influences may be largely eliminated by taking 
as the measure of reliability the correlation between two 
halves, each constituted of the sum of alternate small 
portions of the test, such as our sub-tests. Such elimina- 
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tion is not, of course, possible in the correlation between 
single parts of sub-tests. The chief value of these is not 
so much to measure the reliability of the test as a whole, 
as to determine the extent to which each sub-test contri- 
butes to that reliability. For this purpose the best measure 
is the average correlation of the sub-test in question with 
all the other sub-tests. е 
To turn now to the external systematic influences : it 
is evident from their nature that these are more likely to 
change from one complete test to another than from 
one part of a test to another. Consequently, the changes 
in such external influences are more likely to lower the 
reliability correlation coefficient between complete tests 
than that between portions of the same test. It should 
be noticed, however, that if the reliability coefficient should 
be lowered by changes in the external conditions, it does 
not necessarily follow that the test, in itself, is any the 
less trustworthy. We may compare such a case with the 
variations we should get in successive measurements of the 
length of a rod under changing temperatures. However 
valuable such measurements may be, they would, taken 
alone, serve as no criterion for the accuracy of the measuring 


another, . Consequently, the reliability coefficient, when 
based on the more exhaustive (complete) tests, is less likely 
m influences than when portions 
of a test are substituted for them. 


hat the foregoing considerations 
apply only to the methods of measuring ‘ reliability ', and 
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(т) For purposes of this discussion a ‘test’ is a certain 
amount of work given with the object of measuring a 
subject’s ability at that kind of work, and here, as usually, 
occupying the subject for one sitting. A sub-test is part 
of a test such that it carries with it part of the total possible 
marks for the test. More particularly the terms refer to 
our own tests and sub-tests, as described in Chapter III. 

(2) The reliability of any kind of test is the extent of 
the agreement between successive measures of a subject's 
ability as obtained by that kind of test. - 

(3) Reliability may be measured by the correlation 
between two similar tests. In certain circumstances the 
correlation between ‘halves’ or smaller portions of the 
test (such as our sub-tests) may be substituted for the 
correlation between complete tests. 

(4) Such substitutes will not be expected to agree with 
the more perfect measure yielded by the ‘correlation 
between complete tests on account of—(a) systematic 
influences, which may be either internal or external, and _ 
(b) random influences. T 

(5) Of these, the internal systematic influences will have 
little effect in the correlation between similar tests. Their 
influence on that between different parts of the same tests 
will tend to be greater, but may be minimized when corre- 
lating ‘halves’ by composing each half of alternate sub- 
tests. Changes in the external systematic influences are 
more likely to affect (by lowering) the correlation between 
two complete tests than that between portions of the same 
test. The effects of random influences tend to diminish 
as our measure of the ability in question becomes more 
exhaustive. Hence such influences are less likely to affect 
the correlation between complete tests than that between 
the less exhaustive ‘halves’, or sub-tests. 


THE RELIABILITY OF INDIVIDUAL TESTS 
MECHANICAL MODELS 
(a) Correlation between Tests. As several tests of the 
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“Mechanical Models’ type were employed in the research 
we were able to measure their reliability by the correlation 
between complete tests. This will be found in Tables 
XI-XVI of the Appendix! The average correlations 
extracted from these tables are given in Table I for te 
commerce groups, and Table II for the elementary scho 
groups. The reliability is seen to be fairly high, particularly 
for a test involving a complex activity. The average value 
of the coefficient in the case of the си students is 
‘75, and for the elementary school boys -58. "d. 
P the surface, the figures suggest that reliability may 
increase somewhat with the size of the group. To inquire 
further into this, let us first examine Table I. Here the 
only comparisons we can make without introducing sex 
differences are Group I with Group A (both male group 
and Group II with Group III (both mixed groups. In 
the first case the difference between the reliability coeffi- 
cients, -03 + -06, is insignificant. In the second case the 
difference, -24 + -o8, being thrice its probable error, dd 
suggestive, though hardly large enough to justify a defini с 
conclusion. Turning to the elementary school groups о 
Table II, we find the difference between the youngest and 
oldest groups to be -23 -+ o6. Here the figure, being 
nearly four times its probable error, provides more definite 
evidence of a genuine difference in reliability. A similar 
fall off in reliability is observed in the case of Group Mem 
the class next to the oldest. In the light of the correlations 
between halves of these same tests, which are examined 
below, we have suggested that this higher correlation 
between complete tests in the case of the older school boys 
may be due to these boys being less susceptible than the 
1 Here, and throughout the 
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654% 


research, correlations between com- 

the rank method, using the formula 
"706 — o? 

Peru 7063(1 — p°?) 

Correlations betwe 

method, 


nat ay Ре = 


yn Н 
en sub-tests were calculated by the 'footrule ' 


THE TESTS AS MEASURING INSTRUMENTS ог 


younger ones to what we have called external systematic 
influences.! 5 

A further comparison might be attempted between the 
commerce students and the elementary school groups. 
Here the question is complicated by the mixing of the 
sexes in two of the commerce groups, and by the tests 
taken by these groups being only about half as long as 
those taken by the elementary school boys. We may, 
however, make some compensation for the latter fact by 
pooling the tests into pairs.? If we do this in the case of 
the two male (commerce) groups, the reliability becomes 
:82 + -o4 for the ex-service men of Group I, and :87 + -05 
for the boys of Group A. Comparing these with the 
figure for the oldest elementary school group (775 Æ :03), 
we find that the differences, :07 + 05 and -12 + :06, are 
not significant. It would seem, then, that age has little 
influence on the reliability of the ‘ models’ tests after the 
subjects have reached about thirteen years. 

In Group A and B (Table I) we have a means of examining 
the influence of sex on reliability. It is seen that, so far 
as our data go, the tests are as reliable with one sex as 
with the other. 

(b) Correlation. between ‘Halves’. In order to analyse 
further the reliability of the ‘ models’ tests, and to obtain 
a figure comparable with the measure of reliability which 
we were obliged to employ where only single tests were 
taken, viz. the correlation between halves of the test, we 
have calculated the correlation between the halves (‘odd ’ 
sub-tests v. ‘even’ sub-tests) for each of the ‘models’ tests 
taken by the elementary school boys. The figures given 
in Table III again show the reliability to be quite good, 
viz. 7I on an average. 

‘We may now compare the ‘models’ tests with each other. 
The most comprehensive values for this purpose are those 


1 See p. 86. 
? By Spearman's formula for the correlation of sums. 
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for the whole of the subjects given in the bottom row of 
the table. These show that one test is about as reliable 
as another, for the greatest difference occurring is only 
-07, with a probable error of -05. The same fact comes 
out if we confine our comparison to the individual groups. 

The same table enables us to compare the three groups 
of subjects with one another. Here, although the coeffi- 
cients are, on the whole, slightly higher for Group IV than 
for the other groups and so far support Table II, the 
differences are not significant. This may, at first, seem 
to contradict the suggestion which arose out of our examina- 
tion of Table II above, namely that the reliability of the 
‘models’ tests was somewhat higher with the oldest group. 
The apparent discrepancy is however easily understood 
in the light of our discussion on the influences affecting test 
scores. Here we saw that the external systematic influences 
would tend, if anything, to lower the correlation between 
whole tests rather than that between halves of a test. 
It is possible, then, that the above observed difference 1n 
the two kinds of coefficients occur only with the younger 
groups because of their greater susceptibility to influences 

. of this kind. This view seems to accord with what 1s 
commonly found in school work. 

(c) Correlation between Sub-tests. In order to see how 
far each sub-test contributes to the reliability of the test 
as a whole, and with a view to further improving the 
measuring qualities of the tests by eliminating ог те- 
grouping sub-tests where the correlation showed this to 
be desirable, we have calculated the inter-correlation of 
the various sub-tests constituting each of the ‘ models 
tests. To preserve homogeneity the data for each of the 
three classes were treated separately and then averaged. 
The resulting tables IV-VI do not differ appreciably from | 
the class tables whence they are derived. Considering that Г 
each sub-test occupies but а few minutes, and constitutes | 
only about one-eighth of the test, the inter-correlations 
are, as a whole, fairly high. The average inter-correlation 
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of all the sub-tests of M;, derived from the whole of our 
data as given in Table IV, is -38, while the corresponding 
figures for tests М, and M; are -4o and -35 respectively. 
The individual coefficients, with few exceptions, well 
exceed 4} times their probable errors. They are consider- 
ably higher than we were able to obtain with the assemb- 
ling type of test, and compare very favourably with similar 
data relating to many well-known mental tests.! 

We have seen that the higher the correlation between 
the parts of a test, the more likely will the test, as a whole, 
provide a reliable measure of whatever mental quality 
(or qualities) may run through each of these parts. Tables 
IV-VI enable us to see the relative extent to which each 
of the various ‘ models’ sub-tests contribute, in this sense, 
to the reliability of the whole test. The most compre- 
hensive value for this purpose will be the average corre- 
lation of the sub-test with all the others, found in the bottom 
rows of the tables. It is seen that with the exception of 
sub-test e in Test Му, there is not a lot to choose between 
the śub-tests in this respect. The figures range from -34 
to +43 for Ms, :30 to -46 for М, and (omitting е) from -30 
to :4o0 for M;. Tn the case of e the average correlation 
with the other sub-tests falls to 20. This particular model 
involved several strings running close together, and unless the 
subject took care to draw them clearly apart in his answer 
the latter became difficult to interpret—a fact which prob- 
ably explains the lower average correlation of this sub-test. 


MECHANICAL EXPLANATION 

(a) Correlation between Tests. Two of the mechanical 
explanation tests (E, and E;) were taken by Groups Iand 

1 Compare, for example, the inter-correlations obtained by F. Gaw 
with whole ' Performance’ tests ( А Study of Performance Tests’, 
Brit. Jour. of Psych., xv, рр. 385-6); also the results of C. M. 
Davey, who found the average inter-correlation of whole oral tests 
of ‘intelligence’ to be -40, and that of pictorial tests -31 (* А Com- 
parison of Group Verbal and Pictorial Tests of “ Intelligence’’’, 
Brit. Jour. of Psych., xvii, p. 27). 


94 MECHANICAL APTITUDE 


II of the commerce students. With Group I the correla- 
tion between them proved to be +78 + 04, and with 
Group II, 770 +07. These figures are fairly high as 
mental tests go. Actually they are slightly lower than 
the corresponding figures for the ‘models’ tests (Table I), 
but the differences are not significant. Thus, in the case 
of Group I, the difference is -02 + :04, and for Group II, 
17 + оў. 

(b) Correlations between Halves. The elementary school 
‘groups took only one mechanical explanation test (Es), 
and consequently the best available indication of its 
reliability is given by the correlation between its halves, 
constituted of odd-numbered and even-numbered sub- 
tests respectively. This was found to be -48 + -xo with 
Group IV (the oldest class), -59 + :08 with Group V, and 
*54 Æ -o9 with Group VI (the youngest class), and for the 
three groups (averaged), +54 + -o5. These figures, well 
exceeding as they do the standard of 41 p.e., quite definitely 
indicate that the two halves of the test measure much in 
common, and represent a fair standard of reliability for 
mental tests of this character and length. 

In order to compare the figures with corresponding ones 
for older groups, we have calculated the correlations 
between the halves of the mechanical explanation tests 
(E, and E,) taken by the commerce subjects. They are 
as follows :—Group I (ex-service men), E, -50 + :09, Es 
‘55 + '09. Group II (ro boys, 16 girls, average 15 years 
8 months), E, -6r + :09, E, -43 + -12, and Group III, 
taking E, only, 63 -L-ro. These differ little from the 
figures given above for the elementary groups. 

(c) Correlation between Sub-tests. As in the case of the 
‘model’ tests, and for similar reasons, we have calculated 
the inter-correlations of the various sub-tests of the mech- 
anical explanation test (E,) taken by the elementary school 
groups. As before, the most comprehensive figures will 
be those for the whole 114 subjects found in Table VII. 

Considering the brevity of each sub-test quite a fair degree 
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of inter-correlation exists. Of the ten coefficients, eight 
well exceed 4l p.e. while the remaining two closely 
approach this standard. The average inter-correlation 
(39) agrees closely with the corresponding figure for the 
‘model’ type of test. 

The same table indicates that little difference exists 
between the average inter-correlation of one sub-test 
(with all the others) and that of another. Thus, taking 
as our comparative figures those based on all the subjects, 
and given in the bottom row of the table, we find the lowest 
average correlation of any sub-test with all the others is 
-35 + -06, and the highest, 45 + -06. The difference ‘10, 
barely exceeds its probable error, -08, and so cannot be 
regarded as significant. 


MECHANICAL COMPLETION 


(a) Correlation between Halves. In its complete form 
only one test of the mechanical completion kind (Test C) 
was employed in the research. The correlation between 
its halves (‘ odd ' v. ‘ even ' sub-tests), taken by the element- 
ary school groups, was as follows :—Group IV, :64 + :08; 
Group У, -81+ :05; Group VI, 59+ :08; all three 
groups (averaged) -68 + ‘04. The last figure does not 
differ significantly from the corresponding figures for the 
tests already examined (-71 + 02, for the ‘models’ tests ; 
:54 + -05, for the mechanical explanation test), and, as 
in those cases, denotes a fair degree of reliability for this 


kind of test. 
(b) Correlation between Sub-tests. The inter-correlations 


of the six sub-tests of the mechanical completion test are 
given in Table VIII. These again prove to be fairly high 
for short performances of this sort. All except one exceed 
4} p.e., and the single exception (:28) closely approaches 
this standard. Each sub-test, then, may be regarded 
as measuring something in common with each of the 


others. 
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It will be seen from the figures given in the bottom row 
of the table that the average correlation of a sub-test with 
all the others in the test does not vary much from one sub- 
test to another. 


MECHANICAL DIAGRAMS 


(а) Correlation between Halves. The reliability of the 
mechanical diagrams test (D), as indicated by the corre- 
lation between its halves, proved to be quite good in the 
case of the two commerce groups. The coefficients were 
171 + 05 for Group I, and -76 + -06 for Group II. 

This figüre was found to fall to *35 when the test was 
given to our oldest elementary school group. Conse- 
quently the change in procedure mentioned on page 66 
was introduced. This consisted in pointing to and naming 
the parts of the diagram before putting the questions, 
instead of simply Showing the diagram. The correlation 
between the halves of the test when this new procedure 
was employed became :45 + -ro with Group IV, :54 + '09 
with Group V, and -44 + то with Group VI, the average 
for the three groups together being -48 + -06. 

These coefficients clearly indicate that the two halves 
of the test measure some mental quality (or qualities) in 
common. They are, however, lower than the corresponding 
figures for the two commerce groups which we have just 
examined. The average of these is 74 + -04—a figure 
which exceeds that for the elementary school groups (:48) 
by 26 + оў. Taken in relation to its probable error this 
figure is suggestive of a genuine improvement in reliability 
with the older groups, but it is hardly large enough to 
establish this beyond doubt. Seeing that some improve- 
ment in reliability occurred with the elementary groups 
when descriptive names were given to the parts of the 
diagram, some fall off in reliability with the younger groups 
Would seem to be traceable to the initial task of trans- 
lating the abstract lines of the diagrams into concrete 

parts’—a task which we should expect the younger 
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groups to find more difficult—rather than to the subsequent 
cognitive work involved in answering the questions about 
these parts. If so, a further improvement might be 
effected by substituting pictures for the diagrams, especi- 
ally with younger subjects. 

(b) Correlation between Sub-tests. The inter-correlations 
between the six sub-tests which constituted the mechanical 
diagrams tests have been worked out in the case of our 
second group of commerce subjects, and are given in 
Table IX. These show that each sub-test measures much 
in common with the others. In most cases the correla- 
tions are high for the type of performance in question, and 
well exceed 4} p.e. 

The figures in the bottom row of the table, showing the 
average inter-correlation of each sub-test with the others, 
do not differ significantly from one another. 

Knots 

Correlation between Halves. The knots test (K) was 
first given to the commerce groups. Owing to its low 
correlation with the other tests it was then dropped. Two 
methods of scoring were investigated, namely one in which 
the answers were simply marked right or wrong and one 
point given for each correct answer, and one in which 
extra marks were allowed for more difficult questions and 
marks were deducted for mistakes. The correlation between 
halves was, if anything, higher when the simpler method 
of scoring was used—-84 as against -77—when tried out 

‘оп Group III. Consequently this method was the one 
ultimately adopted. The correlation between halves in 
the case of Group I, using the simpler form of marking, 
was ‘65, with Group II ·71, and Group III -84. 

THE TESTS COMPARED 

Higher Reliability of ‘Models’ Type. We may now 
compare the reliability of the tests, taking for this purpose 
the correlation between their halves. The figures are given 
in Table X. Those for the ‘models’ tests are somewhat 
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higher than the others with both commerce and elementary 
subjects. With the commerce subjects, the correlation 
between halves of the ‘models’ tests averages :77 + :023, 
but falls to -56 + -044 for the mechanical explanation test, 
the difference being -21-L-05. Corresponding figures for 
the elementary school groups ате -7I + :02 and :54 + :05, 
with a difference of -17 + -054. These figures are large 
enough in comparison with their probable errors to suggest 
that the difference is more than a chance one. It is prob- 
ably explained by the fact that the ‘models’ type of test 
presents the problem in a more direct and concrete fashion 
than the explanation type, for in the latter the subject is 
obliged to read the description and question and relate 
them to the diagram before he can proceed with the mental 
operations connected with solving the problem which, as 
we show later, constitute the essential part of the test. 
Difference observed with * Diagrams’ Type. The only 
other difference of any appreciable magnitude occurs in 
the case of the mechanical diagrams test when employed 
with the elementary groups. Here the average correlation 
between the halves of the test falls to -48 + 06. It 
differs from the corresponding figure for the models test 
by :23 + -063, and from the completion test by -20 + *072- 
These differences, while large enough to suggest the unlikeli- 
hood of their being solely of chance occurrence, are not 
sufficiently in excess of their probable errors to place the 
matter beyond doubt. We have, however, already sug- 
gested that the abstract nature of the diagrams may have 
caused the somewhat lower reliability which the mechanical 
diagram test appeared to exhibit with the younger groups 
of the elementary school. This same cause would explain 


the similar difference observed above between this test and 
the other tests. 


RELIABILITY OF A TEAM OF TESTS 


(1) With the Commerce Subjects. We show later that 
the mechanical models, explanation, completion and 
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diagrams tests involve a common group factor. It is 
therefore of interest to inquire into the reliability we may 
expect from a team of these tests if employed to measure 
this factor. We have done this by ‘pooling’ the-eight 
tests taken by the commerce groups into two teams of four 
each, viz. Му, Ms, Е„, EC, and М, M, E,, D, and determining 
the correlation between them.! This works out to the 
high figures of -94 for the first group and -go for the second 


group. 

(2) With the Elementary Subjects. It was not possible 
to divide the tests taken by the elementary school boys 
in the same way, since these numbered only six, and were 
not identical with those taken by the commerce subjects. 
We can, however, select from these six one of each of our 
four types of test, and so get a team roughly comparable 
with those just mentioned. The theoretical correlation 
of such a team with another similar one, based on the 
reliability and inter-correlation of the tests themselves, 
is again high, viz. -86. 


CONCLUDING OBSERVATIONS 


Utility of the Tests. It has been shown that in the case 
of each of the tests involving ‘mechanical’ operations, 
whose reliability we have now examined, there is a 
tendency for persons who do well in one sub-test to do 
well in another, and vice versa. That is to say, each pair 
of sub-tests involves some common mental quality or 
qualities in respect to which individuals differ, and differ- 
ences in the scores made at these sub-tests are not.attri- 
butable wholly to chance but provide some index of an 
individual’s capabilities at the kind of work involved. 
Seeing that, in the case of every one of these tests, each 
sub-test correlates with all the others, it is reasonable to 
suppose that the whole test provides, in each case, a more 
exhaustive measure of whatever mental quality (or 

1 By Spearman's formula for the correlation of sums, Brit. Jour. 
of Psych., v, 417. 
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qualities) it may involve than does any single sub-test, 
as is indeed suggested by the higher correlation between 
the halves of the test as compared with that between the 
individual sub-tests. We have seen, further, that each 
test score measures the kind of activity involved in the 
test with a fair degree of reliability which may be still 
further increased by increasing the number of tests, or by 
employing a team of tests where this is justified. So far, 
then, as the correlational criteria go they promise well for 
the employment of the tests as measuring instruments. 
It may be added that so far as could be judged from our 
observations when giving and scoring the tests, and from 
conversations with the subjects, their use should present 
no practical difficulty. No single test would, of course, 
provide a perfect measure, since in no case does the 
reliability reach unity ; nor could we expect it to do so. 
In order to obtain a sufficiently accurate measurement for 
practical Purposes a number of tests must be given—just 
how many is a question to be considered later. 

Further Questions. It should be remembered that the 
present chapter is concerned solely with the question as 
to whether the tests indicate the existence of individual 


reliability of the whole test score as studied in the present 
chapter, 


CHAPTER VII 


EVIDENCE FOR A 'SPECIAL ABILITY' OR 
GROUP FACTOR 


THE ISSUE INVOLVED 

HE Question. The question now arises,—what are 
/ the essential qualities which the tests examined in 
the last chapter have been shown to measure ? 
Does, for example, each of the various types of test 
employed measure the same quality (or qualities), and if 
so, is it the same quality as makes for success at the school 
examinations, or at the ‘ intelligence ' tests, or at any of 
the other activities which we have attempted to measure ? 
To put the question more technicallp—what are the 
‘factors’ involved in our tests, and, in particular, to 
what extent do they provide eviderice of the existence 
of the special ‘ mechanical ’ factor to which we referred in 

Chapter III ? : 
Criteria. To answer this we must first inquire to what 
extent ability at any one of the activities concerned goes 
with ability at anyother. In this way we may compare the 
various tests with one another and with the school examina- 
tions, and each of these again with the various estimates 
that we have collected. Where two activities call in large 
measure for the same mental quality (or qualities), we 
should expect those who do well in one to do well in 
the other, and vice versa. A ready means of determining 
the extent of such agreement is provided by the correla- 
tion coefficient. Such coefficients have been calculated 

101 


102 MECHANICAL APTITUDE 


for our data and are given in Tables ХІ-ХІХ. of the 
Appendix. 

While these coefficients afford some indication of the 
extent to which any single pair of measurements selected 
from the table may depend on common mental qualities, 
they provide no evidence, in themselves, as to what those 
qualities may be. For example, it does not follow that 
because three tests, A, B and C, inter-correlate, that all 
three involve the same quality, but only that each pair 
has something in common: the qualities in A may be 
(say) ab, in B bc, and in C ca. On the other hand, if all 
these tests did involve one and the same common quality 
we should expect them to correlate with each other. 

In view of what has been said about the theory of £' 
some correlation may always be expected. This being 
so, the really interesting point is whether the coefficients 
indicate the presence of other factors in our tests. 

A special criterion is needed for determining this, and 
has been applied to the data relating to our larger groups 
of Series II and III. But even our first series of experi- 
ments bring out certain interesting points bearing on this 


question. We shall therefore examine all three sets of data 
in turn. 5 


SERIES I—COMMERCE STUDENTS. 


Examination of Data. Tables XI-XV give the inter- 
correlations between the tests taken by the commerce 
students. Ап examination of these brings out the following 
points : 

(t) Those tests in which mechanical movements are 
involved, viz. tests М, M,, М, M, E, E, EC and D,? 
exhibit high correlation with one another. We will call 
these the ‘ M’ group; their inter-correlations are marked 
off from the other coefficients in the tables by the square 


1 See p. 36. 2 For descriptions of these, see Chapter V. 


-EVIDENCE FOR ‘SPECIAL ABILITY’ FACTOR 103 


*M'. The average inter-correlation of this group of tests 
is seen to be -69, "7б and -68 for the three groups of subjects 
respectively. 

(2) The correlation of the ‘ Knots ' test (K) with the M 
group is decidedly lower, the average being only :29—'0r 
and +44 for the respective groups. 

(3) Group II subjects, it will be remembered, took also 
an ‘intelligence ' test (С). Reference to Table XII shows 
that this, too, correlates much lower (average 21) with the 
M group than do the M tests with one another. 

(4) The same table shows that K and G correlate more 
with one another than do either with the M tests. 

(5) These same differences as between the M and K tests 
are brought out when we separate the boys from the girls of 
Groups II and III, and make them intoan A and B group 
respectively (Tables XIV and XV). 

Conclusion. Viewing the results as a whole it is clear 
that each M test has more in common with any other M 
test than with either K or G. If the M tests were merely 
better measures of the same quality (or qualities) as causes 
K to correlate with G we should expect these latter tests 
to correlate at least as highly with the M group as with 
each other. As this is not the case, it would seem that 
involved im each M test is some additional quality (or 
qualities) over and above any it may measure in common 
with K and G, to which its markedly higher correlation 
with the other M tests must be attributed. 

Such a view is, of course, only tenable provided the 
observed differences in the correlation coefficients are 
© significant ' when considered in relation to their ‘ probable 
errors’. In the experiments which follow such errors 
have been taken into account by the application of a 
criterion specially devised for this purpose. The present 
experiments were of a preliminary nature in which our 
main object was to ‘test ' the tests, and hardly provide 
suitable data for applying this criterion. Here, then, we 
only remark that the differences are large and the con- 
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clusions which they suggest are in agreement with those 
at which we definitely arrive later. 


SERIES IL—ELEMENTARY SCHOOL BOYS 


І. GENERAL SURVEY OF THE CORRELATIONS 


(т) M tests compared with School Examinations. In 
Table XVI we are able to compare, in the case of our 114 
elementary school boys, ability at the M tests with ability 
at the school subjects as measured by three separate 
comprehensive school examinations. This table has been 
derived (by averaging) from three similar tables drawn up 
in respect of each of the three school classes into which 
our subjects were divided. By so doing we have secured 
greater homogeneity with regard to age, general develop- 
ment and training, than would have been the case had 
all our subjects been treated as a single group. As it is, 
it will be seen that our tests show no correlation with 
age. The tables for the three separate classes exhibit the 
same features as we are about to notice in Table XVI. A 
glance at this table brings out the following points : 

(a) The M tests exhibit a fairly high degree of correlation 
with one another. In every instance the correlation of 
one M test with another exceeds 4l times its p.e. The 
average correlation of one M test with another (i.e. the 
average of square M) is -47. In this respect the present 
result corroborates that of Series I. 

(b) The three school examinations—X,, X, X,—also 
show quite definite correlation with one another, the 
lowest coefficient, -40, being well over’ 41 times its p.e. 
The average correlation of one examination with another 
(i.e. of square E) is 47. 

(o) The correlation of the M tests with school examina- 
tions is, on the contrary, decidedly low throughout, being 
on an average only -19. 


2 Briefly described on P- 48. They are denoted here, and 
henceforth, by the letter X. 
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For purposes of comparison, the corresponding figures 
for the three separate classes whence Table XVI has been 
derived are given below : 


AVERAGE CORRELATIONS 


Subjects Mv. M Exams. Мо, Exams. 
Group IV . : . . 558 -37 -21 
Group У . 5 . 44 46 *12 
Group VI . . . + 238 59 2 


It is evident that if these differences are ' significant : 
the M tests have more in common with one another than 
with the school examinations, and vice versa. 

(2) Various Measures of ‘I ngenuity’ compared with the 
M Tests and School Examinations. Fifty-nine of our school 
boys attended a woodwork centre and we were able to 
obtain from the boys’ instructor an estimate of their 
‘ingenuity ' and ‘ originality ' as manifested in their work 
at (r) woodwork and (2) technical drawing. In making 
his estimate the instructor was naturally guided by the 
actual marks which the boys had obtained from time to 
time in the subjects. At the same time he was asked to 
give weight to ability to understand the work and to 
originate ideas about it, rather than to care and skill in 
executing it. The items referred to as woodwork and 
drawing may therefore be regarded as largely estimates 
of the same mental trait—a fact which probably accounts 
for their high correlation with each other of -84. Their 
correlations with the M tests and the school examinations, 
and also the inter-correlation of these latter for the same 
group of 59 boys, are given in Table XVII. Age was found 
to correlate to the almost negligible extent of -14 with 
woodwork, and of -18’ with drawing. Its influence has 
been eliminated in the coefficients of Table XVII? although, 
as a matter of fact, the greatest difference made anywhere 


by such elimination did not exceed -or in the drawing 


1 For descriptions of these estimates, see p. 48. 
? By Yule's method of partial correlation. 
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coefficients, and leaves the woodwork coefficients unchanged 
within the two decimal places given. 

It is seen that both woodwork and technical drawing 
exhibit marked correlation with the M tests ; of the twelve 
coefficients, ten well exceeded 4% times their p.es. The 
average correlation (rectangle A) amounts to 42. Оп the 
other hand these two subjects have little correlation with 
the school examinations, the coefficients here (rectangle 
B) falling to an average of ‘тг. Clearly ability at wood- 
work and technical drawing goes far more closely with 
ability at the various M tests than with ability at the school 
examinations. 

A similar result is seen in the estimates of ingenuity 
based on ‘Home Handicraft ' (H) and ‘School Handi- 
craft’ (5), for which, it will be remembered, the teacher of 
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II. CRITERION FOR A SINGLE COMMON FACTOR 


(т) Need of a Criterion. We have seen that in accord- 
ance with the theory of g some correlation between all our 
various mental measurements would be expected on account 
of the factor g, upon which every kind of cognitive activity 
is held partly to depend. The results just examined 
suggest that over and above any such factor common to 
the whole of our data, there may be another factor (or 
possibly factors) which restricts its influence to the M tests 
and such measures of ‘ ingenuity ' as we were able to obtain, 
and which would account for the much higher correlations 
Observed between the various members of this group of 
measurements as compared with their correlations with 
the school examinations. Such a factor, confined as it 
would. be to a limited range of activities, may be called a 
“group ' factor in contradistinction to the ' general’ factor 
(g) which runs throughout the whole gamut of cognitive 
operations. Alternatively, there may be a ‘ group’ factor 
running through the school examinations, or even two such 
factors, one within the M group, the other within the 
examination group. But since this inference as regards 
group factors is based upon observed differences between 
correlation coefficients, it is clear that before it can be 
considered valid these differences must be shown to. be 
* significant ’ when considered in relation to their ‘ probable 
errors’. Consequently we must apply to our data the 
criterion which has been specially devised for answering 
this question, and which may be stated as follows. 

(2) Statement of Criterion. + Let the inter-correlation 
between four tests, a, b, p, q, be denoted by 7,5, Tap Typ and 
Tg. lt has been shown that each and all of these correla- 
tions are necessarily attributable to a single common factor 


7, 7 t 
when -@ = -, or, what amounts to the same thin more 
7, 4 * 8 

aq ba 


1 Т.е. it must be shown that the difference between the correla- 
tion coefficients is not likely to have arisen by ‘chance’ 
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conveniently expressed, when 7,,7,,—7,,7,, (called me 
tetrad-difference) — o; and conversely, when each o 
these correlations are due to the same common factor, then 
the tetrad-difference will be zero.! While this criterion 
rigidly defines the common factor as ‘single’, i.e. as 
functioning as a unitary whole, it does not prevent its 
being conceived (if circumstances warrant) as complex 
in nature. 

(3) The Probable Error of the Tetrad-difference. T 
Yan: wa — Ya: =F. Now while theory demands that 
shall equal zero, in actual practice each correlation coeffi- 
cient contains a ‘sampling’ error, and consequently so 
does F.? Hence even when the condition for a single 
common factor holds theoretically the experimental value 
of F will tend towards some small positive or negative 
value rather than zero, and we must therefore inquire 
whether such value may, or not, be attributed to ‘ chance 
Or accidental circumstances. This will depend on its 
“sampling ’ (or ‘ probable’) error. The method of calcu- 
lating this has been shown by Spearman and Holzinger.? 

(4) Application to more than Four Tests, If we wish to 
apply the criterion to a group of more than four tests we 
must calculate the value of every possible tetrad-difference 
obtainable from the whole group, together with its prob- 


* Demonstrated by Prof. C. Spearman, Proc. Roy. Soc. A, Vol. сі, 
1922, pp. 97-100. 


? The theoretical value of (say) 


Yop is the average of an infinite 
number of similar ' raps '. 


Any given vap is merely а ‘ sample’ of 
this infinite number, and consequently will tend to deviate by 
‘chance’ from this theoretical average value. The extent of its 
deviation is regulated by the law of error, and measured by its 
‘ probable’ or ‘sampling’ error. In accordance with this law, 
there are even chances that a randomly chosen sample will deviate 
negatively or positively from the theoretical average value of all 
such samples b: 
are hardly safe in ascribing an observed deviation to other than 
‘chance’ or accidental causes unless it exceeds 41 times its p.e. 

* In Brit. Jour. of Psych., vol. xv, p. 17, and vol. xvi, p. 86. 


у an amount equal to its probable error (p.e.). We- 
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able error. If there were one and only one factor common 
to the group, then, by the above criterion, the theoretical 
values of all these tetrad-differences would be zero. But 
in view of what has been said with respect to the sampling 
error their actual values, divided in each case by their 
probable errors, would tend to distribute themselves 
normally around zero in agreement with the law of error. 
The dotted curve N of Fig. 3 1 shows the ideal shape to 
which the frequency curve of such a distribution would 
tend to conform. About half the values fall within the 
limits of + the probable error, while very few indeed— 
under x in r340—exceed 5 p.e. in either direction. The 
test for a single common factor will be whether this distri- 
bution of F is actually obtained. 

(5) The Case of a Group Factor. Consider now the case 
where z,,./, is definitely greater than z,,7,. This will 
occur when 7,, or 7, (or both) is too large compared 
with the other coefficients to be accounted for entirely by 
the same factor as that causing 7,, or 7,,. In this case а 
and $, or b and g (or possibly both), are said to exhibit 
super-correlation, and the cause of this must be sought in 
some factor (or factors) common only to the pair in which 
the super-correlation occurs. The same may be said, of 
course, of 7,, and 7,, when their product exceeds 7,,7,,. 
The F's derived from tetrads such as these will no longer 
tend to a chance distribution around zero, but will tend to 
some significant value. It is clear that when, of a number 
of tests, some involve a factor common to themselves only, 
ie. a 'group' factor, causing super-correlation where it 
occurs, this will become evident by the tendency of the 
F's to distribute themselves more widely on either side. of 
zero than could be attributed to chance. This significant 


JSP AIS, 

2 It will be seen that when both ғар and 7» exhibit super-corre- 
lation, this cannot be attributed to the same factor in each case, 
since then this high correlation would also occur in rag and ғр, 
and F would tend to become ‘insignificant’. 
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increase in the scatter of the F's, then, will indicate the 
presence of one or more group factors in the tests from 
which the F's have been obtained.! A, of Fig. 3,is a fre- 
quency curve of such a distribution. In this, a larger 
proportion of F's fall beyond the limits expected from mere 
sampling than could be attributed to accidental or chance 
circumstances. Ї 

(6) ' Undirected' and ‘Directed? Tetrad-differences. 


Consider the tetrad “7 — 7 In arriving at the tetrad- 


a1 ba 

difference (F) there are two ways in which the products may 
be taken, viz. 7,,.7,, — 7,,.7,,, and Yop -Taq — Тар:Рър BIVIDE 
two values of F, equal in magnitude but opposite in sign. 
In obtaining а frequency-distribution of F from a table 
of correlation coefficients, both values of F must be included 
if we are to avoid introducing a special direction or bias 
into our data. In this case the difference may be said to 
be ‘undirected’, and the frequency curve will, of course, 
be always symmetrical with respect to the zero ordinate. 
— 1f, on the other hand, there is a particular reason for 
always taking the products in the same order, as when, 
for example, it is required to see whether the product of 
the top left-hand member and the bottom right-hand 
member always exceeds that of the top right-hand member 
and the bottom left-hand member, in a given set of tetrads, 
there is, of course, justification for so doing, provided it 
be remembered that the resulting distribution of F repre- 
sents only half the complete data. In this case the Ез 
may be said to be ‘ directed’, and only one value of F will, 
of course, be obtained for each tetrad. A of Fig. 4? is a 
frequency curve of such a distribution. 


ПІ. APPLICATION OF THE CRITERION 


(т) The M Tests compared with each other. Let us first 
quire whether the inter-correlations of the M tests alone 


! Its precise location and nature must, of course, be sought in 
an analysis of the data, артта 


іп 
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indicate, in the light of the above-described criterion, the 
presence of more than one common factor. For this 
purpose we must calculate the value of all possible tetrad- 
differences derivable from square M in Table XVI, together 
with their probable errors. For example, taking the four 
tests Ms, Mo, M;, Ey, we get, F = + Zur. 7м, F Ум,м,* Ng, 
= + (53 х 536) F (63 x 27) = + 0207. 

Proceeding in this way with every tetrad in Square M, 
and dividing each F by its probable error, the following - 
distribution of the до values of F/p.e. is obtained : 


TABLE A. 114 SUBJECTS 


c qu 
Mid-value F/p.e. 4:5. 3:5 2'5. 1:5 м5, 15. X-5. 2:5 ЗББ 
Frequency . *w Lo T3 4 "S8''19019 8 Д4, arg 


In the case of a normal distribution only about 45 of 
the F’s should fall outside the limits of + their p.e. Actu- 
ally 58 do so. Thirty-two of these exceed thrice their pes 
Whereas in a normal distribution about 6 cases only would 
be expected ; ro of the cases exceed four times their p.e. 
and so tend to become ' significant ' in the statistical sense 
of the term. As a whole, then, the scatter of the F’s in 
this distribution exceeds the limits expected of mere 
sampling errors. This means that at least some of the 
M tests correlate with other M tests to a higher degree than 
can be attributed solely to a general common factor running 
through them all. The simplest explanation of such super- 
correlation, and one that accords best with the results yet 
to be considered, is that running through all these tests 
are two common factors, namely the general factor, g, 
which we should expect to find in accordance with the 

. theory of g, and another factor which we may provisionally 


1 These were calculated by formula (1) given by Spearman and 
Holzinger in Brit. Jour. of Psych., 1925, xvi, 86. Since, however, 
our coefficients were calculated by the ‘rank’ method (squared 


- differences), the probable error was taken as +7063 times its standard 
deviation, 
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call m; but that the relative influence of these two factors 
varies from test to test. Suppose, for example, that of 
four M tests, 1 and 3 have large m and small g, while 2 and 
4 have small z and large g. Then 7; and 72, will tend to 
be larger than 7s, and 7,, and the tetrad-differences will 
tend to become ‘significant’. Where, on the other hand, 
the four tests have about the same m and g, their tetrad- 
differences will tend to zero. The distribution of Е'ѕ 
derived from such a 'population' will tend to scatter 
themselves in much the same way as actually occurs above. 
(2) M Tests compared with ‘ School Examinations ’. Sup- 
pose now that two of the M tests in the above-considered 
tetrads be replaced by two tests in which m is absent. 
If our explanation is correct we should expect the resulting 
F's to deviate from the values expected by ' chance’ even 
More widely than before, since now two of the members 
of the tetrad should correlate much more highly with one 
another on account of the common m than with the other 
two tests. If, moreover, we ‘ direct ’ the tetrad-differences 
so that they are always taken in the order 7,,,, "5: — 
"таз тг» Where the m’s are апу two M tests, the x’s any 
two school examinations, the resulting F’s should tend 
always to a positive value on account of the super-correla- 
tion between m, and m, Let us substitute two of the 
school examinations’ for two M tests and see if this 
results. The following table shows the distribution of all 
such F's (divided by their p.e.s) derived from Table XVI. 


TABLE B. 114 SUBJECTS 

F = унутр. арар — Ураз: nazi 

Mid. $ 

pue Шере ©з r5 25 35 45 55 65 73) SORA 
ча IM EE Е 17) 9939 у, 
In every case the tetrad-difference is positive, i.e. the 

product in which the coefficient of the type 7,,,,, OCCUTS, 

De mma Yaim €Xceeds the product 7z,,,.7,,,. Of the 90 
S, 48 exceed 5 times their probable error. The F's are 
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equally distributed on either side of a value equal to about 
5:2 times their probable error as compared with the zero 
expected in the case of a ‘chance’ distribution. Here, 
then, is overwhelming evidence of a group factor (or 
factors)! Without further considerations it would be 
impossible to say whether such a factor resides in the М 
tests, or in the ‘ school examinations ’, or even in both, for 
any of these alternatives would tend to give rise to the 
above type of distribution. But we should expect the 
position at the school examinations to depend very largely 
оп 8, particularly in view of the large variety of school 
subjects which entered into those examinations, whereby 
other factors than g would tend to mutual cancellation. 
It is therefore extremely unlikely that the school examin- 
ations involve a group factor large enough to account for 
the whole of the super-correlation evident in Table B.2 
Unless we accept this view we must suppose that the cor- 
relations of the M tests with one another and (as we show 
later) with the various criteria of ‘ingenuity ' which we 
have collected are due to 5, while the correlations of the 
school examinations with one another depend largely on 
Some group factor,—i.e, that the M tests, drawing and 
handwork, are better tests of general intelligence than the 
school examinations. Such a supposition not only contra- 
dicts the facts of Tables A and E, and is opposed to the 
low correlation between the M and g tests found with the 
commerce groups, but is contrary to experience. On the 
other hand the ‘pooling’ of diverse tests whereby the 
influence of g tends to be augmented was specially avoided 
in the M tests. Table A has already provided some 


m 
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evidence of a group factor (or factors) in these tests. The 
super-correlation observed in Table B is therefore best 
accounted for by this same group factor m, which now, 
owing to the introduction into the tetrad of two members 
(school examinations) which do not contain s, comes out 
much more clearly than in Table A—a result which we 
anticipated in our previous section. Further corrobora- 
tion of this view will be found in the subjective analysis 
of the tests, and in the distribution of tetrad-differences 
derived from various measures of ‘ingenuity ' which we 
must now consider. 

(3 M Tests and Estimates of ' Ingenuity” (taken 
together) compared with School Examinations. Now let 
one of the estimates of ‘ ingenuity’, such as ' handwork ', 
be substituted for one of the M tests in our last group of 
tetrads, so that the general form of F becomes Уң.7шт T 
Ута: iz, Where i is any one of our estimates of ingenuity, 
х and m remaining as before. If there is a group factor 


“common to the M tests and the estimates, and we * direct ' 


the tetrad-differences so that products are always taken 
in the order just given, such F’s will tend to be positive 
on account of the super-correlation in 7m and their distri- 
bution will tend to resemble that in Table B.* Four 
estimates are available for this purpose, viz. the ‘ wood- 
work’ and ' technical drawing’ of Table XVII, the “home 
handicraft ' and the ‘ school handicraft ’ of Table XVIII? 


1 The improbability of the group factor residing in the school 
examinations has already been discussed on p. 113. 

? In this table there is practically no correlation between 4i 
and x, It is clear that in order to compare ability at the tests 
and estimates with ability at the examinations (for super-correla- 
tion) it is necessary that the examinations should themselves 
measure something in common. For this reason we have no 
included the coefficient з=; (-06) in extracting the tetrads from 
Table XVIII. All examination coefficients, however, have been 
included in arriving at Tables XVI and XVII. If x, be omitted 


from these on account of ‘ unreliability’, the group factor comes 
out even more clearly. 


Я 
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Making the above proposed substitution with each of 
these estimates in turn, we get the following distribution. 
of F/p.e.,—here ‘ woodwork’ is indicated by w, ' technical 
drawing’ by d, ‘home handicraft’ by k, and ‘school 
handwork' by s: 


TABLE C Central 
value 
4 E (approx.) 
Mid-value F/p.e. г - *5 55 1°5 25 3:5 45 55 66 
F—rnufziza— mz fuz, Frecy. 6:718) УУ тт 3:5 
F—rmasfuz— !mzy.fün » аб 19 БТ иа 
F=Ymh. Yaro — "mes.fhmp n 475 522 оС 5 
F=fYm:.Yzjza— mz- 0» 117.76. ЗЕБО EN? 17 
Total . > : . X ILO 22 23 ота 


With but one exception all the F’s are positive, as was 
anticipated, and are distributed in each case around a 
value (shown in the last column) which departs markedly 
from zero. In view of what has already been said,! and 
in the light of Table D yet to be examined, the super- 
correlation thus shown is again best accounted for by the 
presence of a group factor (or factors)? in the M tests and 
the estimates of ingenuity. 

(4) Estimates of Ingenuity compared with School Examin- 
ations. We may now displace the remaining M tests in 
our last tetrads by another estimate of ingenuity, so that 
F becomes 7;,.7,,, — 754,75,» Where the ?'s are the in- 
genuity estimates, and the x's are the school examinations. 
Six such tetrads are available from Table XVII, and four 
from Table XVIIL? Their distribution is as follows. 
The subscripts represent the same estimates as before, 
and the F's are ' directed ' as shown. 

TABLE D 


Mid-value F/p.e. . 5 . Е 15 2°5 3'5 45 5:5 65 7:5 8:5 
F—rued fup —Рахз fd, Етесу. LUPO CE 
F =h- Yayra Уер: Ya n О e 

up factor in the M tests. 


Д i in reference to the gro 
Se t 3 Sce footnote ? to p. 114. 


2 See footnote ! to p. 113. 


gi 
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Again there is clear proof of super-correlation. Seeing 
that we have already had evidence of a group factor 
common to the M tests and the estimates of ingenuity, this 
super-correlation is best explained, at least in part, by 
the same group factor running through the estimates them- 
selves. 

(5) M Tests and Estimates considered together. Finally, 
we may consider tetrads of the form F = Ymi mms 
Tmm,fim. Such tetrads differ from those which we first 
considered—under (1) above—in that one of the M tests 15 
displaced by one of the estimates of ingenuity. If our 
reasoning has been correct, a group factor runs through 
all four members of such tetrads. Consequently the F's 
derived from them will not necessarily indicate its presence, 
since now there is no a priori reason why the products of 
one pair of coefficients should exceed that of the other pair. 
But if the influence of the group factor varies from one test 
to another, so that some involve this factor to a greater 
extent, but the general factor g toa less extent, than others, 
a tendency to deviate from zero beyond the limits set by 
‘chance’ might be observed even in the distribution of 
these F's, as was seen in the case of Table А. It is there- 
fore of some interest to examine such distributions. This 
time we have no reason for giving a special ' direction ' to 
the tetrad-differences, so that we have two F's, of equal 
magnitude but of opposite sign, for each tetrad. The 
distributions are as follows, the subscripts indicating the 
same kind of tests and estimates as hitherto : 


TABLE E 
i + and —) 
Mid-value F/p.e. . $ Дд «#5 А 25 3:5) 45009 
= Утүшю.Ўтотз — Ymymg-Yumg . ЗИ VY тї 5 1 
E = feud. moms — fmm). fama 222 "ION Тт то ШОЛ. 
F= Tmih.Tmams — Ymıma-Yama . - I9 16 7 14 4 
= Ymis-Ymgmg — Утүтз. Рата 27 312 9 20 2 


Total 


bet Ta em e de E] 
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Of the 480 tetrad-differences, only 86 fall within the 
limits of -- their probable errors, and far more exceed 
4 p.e. than could be explained by ‘chance’. Here, again, 
are clear signs of super-correlation, although for reasons 
given above not so marked as in Tables B-D. The general 
character of the distribution resembles that of Table A, 
as is to be expected if the estimates of ingenuity involve the 
same factors as the tests. 

(6) Summary. Our results, so far, may be summarized 
by adding together (т) Tables A and E, and (2) Tables B, 
C and D. By so doing we get two tables which show, 
respectively, the distribution of those F's where we have 
reason for thinking the group factor runs through all four 
members of the tetrad, and to which no special ‘ direction ' 
has been given, and the distribution of those where the 
group factor is involved in only two of the four members 
and which have consequently been ' directed’. They are 
as follows, where ¢ stands for any of the M tests ог esti- 
mates of ingenuity, and x for any of the school examina- 
tions : У 


TABLE Е 
Е = иу F FtasTtots- 
s. 
51528415 003:5. 12:5: 31:5. 55 25, 73:95 72:5. 73/58 455 EE 515) 


3 I2 52 45 68 105 105 68 45 52 12 3 


TABLE G 
F = Yy- fzo — Yura. ftor 
= E 
5 +5 1:5 25 3:5 45 55 65 75 85 [9:5 
22 931, 00300 740 ИЗА E24 оо 


The difference between these two distributions and that 
of ‘chance’ frequency is clearly shown in Figs. 3 and 4. 
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Frequency distribution of Table F. ' Undirected tetrads of whi 
all four members are ‘ mechanical’ tests or estimates. 
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Frequency distribution of Table G. ‘ Directed’ tetrads of which 


А jj wo 
two members are ‘mechanical’ tests or estimates, and t 
are elementary school examinations. 


SERIES III.—TRAINED MECHANICS 


I. GENERAL SURVEY or Data 


We turn now to our third set of results. The inter- 
correlation of the various tests and examinations taken 
by the 228 students of the R.A.F. School, Cranwell, who 
were passing out as trained mechanics, will be found n 
Table XIX. These tests have already been described in 
Chapter V. Reference to this chapter will show that the. 
data, here, fall naturally into three groups, viz. (1) @ 
group in which the material is largely spacial and * mech~ 
anical' in character, namely the two M tests (E; and М), 
Part II of the Air Ministry's Mental Efficiency Test (A), 
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and the examination in Trade Knowledge (T); (2) two 

‘intelligence ' tests, namely Professor Spearman’s test (I) - 
specially devised to test general intelligence, and Part I 

of the Air Ministry’s Mental Efficiency Test (A,), which 

was of a kind often included in a * battery ’ of intelligence 

tests and involved neither spacial material nor mechanisms ; 

and finally, (3) the examination in the subjects of the 

School curriculum (5). 

It is seen (Table XIX) that all the members of these 
groups exhibit a fair degree of correlation with one another, 
for in only three cases does the coefficient fall below 4h 
times its p.e. This means that every pair of tests in the 
table measures something in common. The latter may 
reasonably be taken to be the general factor (g) which 
has been found to be involved in all cognitive operations. 

But the members of the mechanical group correlate higher 
with one another than with the ‘intelligence’ tests, the 
average of square A (Table XIX) being -43, but of 
rectangle B only -27. The correlation between the intelli- 
gence tests rises again to -41. Provided these observed 
differences are not due to mere chance they suggest that 
the ‘mechanical’ group have more in common with one 
another than with the ‘ intelligence ' tests, and vice versa, 
ie. that over and above g there is involved in either the 
‘mechanical’ group or the ‘intelligence’ tests (or both) 
a ‘special ’ ability or group factor. To determine whether 
this is so we must apply the criterion as before. 


II. APPLICATION OF THE CRITERION 


(т) The ‘ Mechanical’ Group compared with the * Intelli- 
gence’ Tests. To bring such a factor most clearly to light 
we must examine tetrad-differences of the kind %mm,+7i,i, — 
Tas Tai Where the m’s are any two of the * mechanical" 
group, and the 7's are the two “intelligence ' tests. The 
distribution of all such differences derivable from Table 
XIX, and ' directed ' as indicated above, is as follows : 
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TABLE H. 228 SUBJECTS 


Mid-value F/p.e. . $25 35 45 55 65 75 
Frequency . 5 4 гоч. 2. 3. Tee 


The values of F are seen to depart widely from the zero 
which theory demands if the correlations are to be explained 
solely by a single factor common to all the tests concerned. 
In every case the product involving 75,5, exceeds the 
other. Again, then, the presence of a group factor clearly 
emerges. We have no reason to suspect such a factor In 
the ‘intelligence’ tests. The ‘mechanical’ group, on the 
other hand, consists of two tests (the M tests) in which we 
have already had evidence of a group factor, and two вш 
in which similar mental operations are involved. The 
factor, then, would seem to be located in the ' mechanical 
rather than in the ' intelligence ' tests and is most reason- 
ably identified with the same as came to light 1n the 
experiments of Series II. 

A comparison of Table H with Table B shows ш i 
influence of this factor is not quite so marked in the pr. 
experiments. Several causes may have contributed 2 
this. To mention two only, our subjects of 561165. 
were selected and trained for the special kind of work into 
which the group factor, if we have correctly located n 
enters. Consequently we should expect the individua 
differences with respect to this factor to be smaller here 
than among the elementary school subjects, and corres” 
pondingly harder to measure. Again in the experiments 
under review only two members of the ‘ mechanic 
group were specially devised to test for the group factor, 
viz. the two M tests, while no fewer than six were given 
“to the elementary groups. It appears from the table of 
‘ specific’ correlations (Table XXIV) that these two М 
tests involve the group factor to a larger extent, if any- 
thing, than either of the other members of the ‘ mechanical ' 
group; while one of the latter (А,) would seem toinvolve 
g to a larger extent than the M tests (Table XXI). 

(2) Technical School Subjects compared with the other 
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Tests. Tt is seen, in Table XIX, that the examination 
in the technical subjects of the school curriculum (S) has 
much in common with the 'intelligence' tests. But it 
correlates higher with the technical group than do the 
latter. Is this higher correlation, we may ask, due to 
‘chance’, or to variations in the influence of g, or does 
it indicate a group factor? To decide this we must in- 
vestigate tetrad-differences of the kind Е = 75.74, — 
"A, gp Where m is апу one of the ‘mechanical’ group, 
S the school subjects, I and A, the ‘intelligence’ tests, 
of Table XIX. The distribution of such differences, 
specially * directed ' as above, is as follows : 


TABLE I. 228 SUBJECTS 
* 
Mid-value F/p.e. à 25 35 45 55 65 75 
Frequency . B . I 2 2 o 2 I 
In every case the tetrad-difference, thus ‘ directed ', is 
positive, and no fewer than five out of eight exceed four p.e. 
This super-correlation is best accounted for by the same 
group factor already noticed in the mechanical group 
extending its influence to the technical subjects of the 
Passing Out Examination, and bringing about the higher 
correlation noticed above. 


PROVISIONAL CONCLUSIONS 

To sum up our evidence and provisional conclusions, 
the data which we have now considered fall into two 
broad divisions. We have, first, a group in which the 
subject is called upon to deal mentally with special material, 
involving to a large degree mechanical movements. The 
group is itself divisible into three parts, viz. (а) psycho- 
logical tests in which special emphasis was given to this 
kind of material, namely our M tests and Part II of the 
Air Ministry’s Mental Efficiency Test; (b) the teachers’ 
estimates of their pupils’ ability to carry out work of a 
kind in which this same sort of material largely enters ; 


122 MECHANICAL APTITUDE 


and (c) the comprehensive examinatiqn in the practice 
and theory of their trade taken by the students of the 
R.A.F. School, and constituting Part II of the Passing 
Out Examination. If a special ability exists we should 
expect it to enter somewhere in this data. Secondly, we 
have a group in which there is little, if any, spacial or 
“mechanical ’ material. This consists of (a) psychological 
tests commonly used to measure intelligence, one being a ' 
very comprehensive test of this kind ; and (b) the examina- 
tions of the elementary school. Both of these we should 
expect to depend in large measure on ‘general intelli- 
gence’ rather than on any special ability. The technical 
subjects of the Passing Out Examination would seem to 
fall equally well into both of these groups. 

Starting with the M tests, we saw in Chapter VI that 
each of these provided a definite measure of some mental 
quality or qualities. Raising, next, the question as to 
what these qualities were, we have seen, from their inter- 
correlation, that each of the M tests involves much in 
common with all the others, but far less in common with 
that part of our data in which general intelligence would 
seem to be the main factor. This difference comes out 
clearly whether we measure the untrained and unselected 
school boys, the commerce students, selected for business 
and commerce rather than for engineering, or the candi- 
dates at the Passing Out Examination, highly trained and 
selected for various branches of mechanical engineering. 
A similar difference is observable in the case of the esti- 
mates and the examination in Trade Knowledge. The 
tetrad-difference criterion has shown that these differences 
are not attributable to mere ‘ chance ’. f 

This means that over and above the correlation running 
through the whole of our data and best attributed to the 
Beneral or universal factor, g, there is a genuine amount 
of super-correlation which must be attributed to the 
presence of a factor (or factors !) common only to a portion 

1 So far as the present evidence goes. 
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of our data, і.е. toa group factor. We have already seen 
that such a factor would be expected to reside, if anywhere, 
in the above-mentioned ‘ mechanical ' group. This view 
finds further support in the super-correlation which occurs 
in the ‘ mechanical ’ group itself. 

The question as to whether the super-correlation is best 
accounted for by a single broad factor running through all 
the ‘ mechanical’ data, or by a number of independent 
group factors, is considered in the next chapter. It may 
here be remarked, however, that in view of the relatively 
high inter-correlation which exists between the various 
parts of this data a large number of independent factors 
would hardly be expected, for, to take the extreme case, 
if the super-correlation were produced each time by a 
different factor, so many factors would be needed in each 
test that there would remain little in common between 
any single pair, and the correlation would tend to become 
very small. 

With these considerations in mind, we conclude pro- 
visionally that success at the kind of work involved in our 
Specially devised tests depends not only on ‘ general 
intelligence" but also on a ‘special ability’, which also 
enters into the technical side of the work of the mechanical 
engineering students, and in part determines the ability 
at the various forms of handicraft for which the elementary 
school boys were assessed by their teachers, Seeing that 
such an influence can only become manifest in conjunction 


which it, itself, appears, it is more appropriately referred 
to as a ‘factor’ than as an ‘ ability ’, and by some such 
name as m. Further confirmation and enlargement of 
this view is to be sought in the knowledge of the nature 


CHAPTER VIII 


OBJECTIVE DETERMINATION AND MEASURE- 
MENT OF m 


CORRELATIONS WITH g 


(a) Elementary School Data. We have seen that there 
exists quite a definite correlation between all the various 
tests and other measures that have entered into our data. 
Thus, to consider first the results obtained with the elemen- 
tary school groups and given in Table XVI, the M tests are 
here observed to correlate not only with each other, bU 
also, to some extent, with the school examinations. 15 
suggests that in addition to the group factor in the M tests, 
of which we have already had evidence, there is another 
factor running through the whole of our measurements 
to which this correlation between the M tests and the 
school examinations is due. In view of the vast amount 
of evidence which has now been collected in support 9 
the theory of g, this factor seems most reasonably identified 
with the general factor itself.* 

Now the inter-correlation of one M test with two school 
examinations yields three coefficients. If we assume, 2 
seems justified in the light of our results, that there 15 no 
factor common to any pair of these tests other than the 
general factor running through all three, we may employ 


f > "Whether or not we choose to do so, the data to be examined 
in this chapter hold so long as we attribute the correlation betwee? 


the M tests and school examinations to some influence common to 
them all. 
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the coefficients to determine the correlation of each test 
with the general factor.t Since there are three examina- 
tions, three such ‘triads’ may be formed with each M test, 
yielding three values of 7,,,, where m is any particular M 
test and g the general factor. These have been used to 
obtain the most probable value of the coefficient of correla- 
tion between the M test and g.? The correlation of each 
School examination with g was arrived at in a similar way, 
using, this time, the thirteen triads which were available 
in each case. The coefficients, known as coefficients of 
“intellective saturation ’, are given in Table XX. 

The correlations of the school examinations with the 
hypothetical g are seen to be very much higher than those 
of the M tests, the average in the former case being -69, 
in the latter -26. These figures do not, of course, bring 
fresh data to our problem, but give quantitative expression 
to a fact which has already been noticed indirectly, viz. 
that the school examinations are much more dependent 
‚оп the common influence which we have associated with 
g than the M tests, and to the extent represented approxi- 
mately by the coefficients. They also indicate that success 
at the M tests is not wholly determined by group or 
'specific' factors peculiar to the work itself, but depend 
in part on the same ability as makes for success at the 
School examinations, and this to the extent represented 
by :26.3 

(b) R.A.F. School Data. The corresponding figures for 
the-data obtained with our trained R.A.F. subjects, 


1 The method employed is described by Spearman in The Abilities 
of Man, Appendix, p. xvi, and is given in the Appendix of the 
present volume, p. 205. 

2 By the following more reliable method than that of simple 
averaging— 

Ymzı-Ymza + Ymzy тз + тиз тз 
Угут; + ziz + тога Ы 


Y mg = 


3 Complete dependence would, of course, 


я be represented by 
unity. 


pum 


` 
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derived from Table XIX, are given in Table XXI. In 
this case, since we have only two measurements in the 
‘intelligence’ group (I and A, of Table XIX), only one 
triad was available from which to calculate the correlation 
of each member of the ‘ mechanical’ group with 2.1 For 
Iand A, four values were obtainable, which were averaged 
to give „апау. For S, the subjects (mainly technical) 
of the Passing Out Examination, only one triad was agam 
available. The value of 7g, obtained from it is place 
alone in the table since S has much in common with both 
groups of data. 

As with the elementary groups, the tests and other 
measures in which the group factor occurs exhibit quite à 
definite correlation with the general factor, averaging 41, 
though to a decidedly lower degree than the ' intelligence 
tests, which average -67. Of the mechanical group, As 
(Part II of the Air Ministry’s Mental Efficiency Test) 
appears to depend somewhat more on the general factor 
than do the others. This is possibly due to the particular 
form in which the subject was required to give his answers; 


for these involved the careful filling in of an answer sheet 


after reading instructions relating thereto which were, at 
times, somewhat complicated. The facility with which 
these instructions were carried out would be expected to 
depend largely on g, and certainly not on the particular 
mental operations involved in solving the mechanical 
problem itself. The figure for S (the examination in school 
subjects) is also higher than for the ‘mechanical’ grouP 
generally. Phis we should expect, for the theoretical 
knowledge and the bookwork required by this part of the 
examination, as also the general handling of the questions, 
would depend largely on g. This part of the Passing Out 
Examination provides an interesting comparison with t= 
that part which aimed at testing the candidate’s efficiency 
as a practical craftsman. The former, theoretical, side 


1 If, as is necessary, we are to avoid the introduction of group 
or ‘ specific’ factors into the triad. 
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of the students’ work is seen to correlate higher with g 
than the latter. 


‘SPECIFIC’ CORRELATION 


(2) Elementary School Data. We may now employ the 
coefficients of Tables XX and XXI to determine how much 
correlation remains between the tests after the influence 
of the general factor has been eliminated.! This has been 
done in the case of the tests and examinations taken at the 
elementary school (Table XVI) The ensuing correlation 
Coefficients are given in Table XXII. Itis seen that quite 
a large ‘ specific ' correlation ? remains between the various 
M tests, but none of appreciable magnitude between these 
and the school examinations. 

.. (b) R.A.F. School Data. Corresponding figures for the 
data relating to the R.A.F. mechanics are given in Table 
XXIV. Again a large amount of specific correlation 
remains between the various members of the ‘ mechanical ' 
group, but practically none between these and the ‘ intelli- 
Bence' tests, or between the latter themselves. Such 
Specific correlation, as also that noticed above in Table 
XXII, is in keeping with the results examined in the last 
chapter, and readily explained by the presence of a group 


factor (or factors) in that part of our data where mechanical 
. Problems were involved. 


UNITARY NATURE OF m 

(2) Elementary School Data. In view of the general 
Size of the correlation coefficients we suggested, tentatively, 
that the super-correlation observed in the last chapter (as 
also, of course, the above-noticed specific correlations) 
was more probably due to a single group factor, or at most 
a few factors, rather than to a large number of independent - 
factors. We may now put the matter to a crucial test by 
applying the criterion for a single common factor—the 


1 By Yule’s theorem for partial correlation. 
? Le. correlation due to other factors than the general factor, 
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tetrad equation—to the specific correlation coefficients of 
Tables XXII and XXIV. TEA 

Confining our attention first to Table XXII, it will 
be seen that the M tests, here, include three tests of the 
same type, viz. Ms, M, М. In order to investigate the 
factors common to different types of test we have “pooled 
these three by averaging the coefficients relating to ‘them 
(the first three rows of Table XXII. The resulting СО- 
efficients are given in the first row of Table XXIII, the 
remaining coefficients of this table being, of course, the 
same as those in Table XXII. In Table XXIII, then, 
with the exception of the coefficient in brackets (56) p 
have the ‘ specific’ inter-correlations of the four different 
type tests with one another and with the school examina- 
tions. 

If the tetrad-difference criterion be now applied to 
Table XXIII, the only differences of any appreciable 
magnitude which occur are the following : 

(а) Yeye-Yop ~ Yea-You = 725. X 40 ~ “AT X до =ош 
(D) к,м.7рс ~ zo-fox = `25 X `40 ~ 45 p ЕТЕ) 
(с) exco ~ feo acm 725 X 43 ~ МІ 25:59 
(d) Ук,м.7мо ~ rmo tum = 725 X 749 ~ 745 X +50) 2295 

Since their probable error is 0355, none of these differ- 
ences are large enough (41 p.e.) to attach much importance 
to. In (a) and (D) however, the differences approach 
3 p.e., and exceed this value in (c) and (d). They therefore 
suggest the possibility of additional small common factors. 
If so, these would seem to be located in E,D in the case 
of (a) and (c), and in E,C in the case of (b) and (4). We 
have already noticed a tendency in E; towards a somewhat 
lower reliability on account of the verbal mode of present- 
ing the test, and the same in D possibly owing to the 
abstract nature of the diagrams. Since E, and C also 
employed diagrams, though of a Jess involved kind, and С, 


1 See p. 98. Such tendencies, again, were merely suggested by 
the coefficients—hardly proved. 
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like E,, was presented through the medium of written 
words, these common features in the mode of presentation 
may have caused some specific correlation between them. 
On the other hand, the tetrad-differences in (c) and (d) above 
are partly augmented by the somewhat higher correlation 
between the ‘models’ type of tests (уум). Since these 
Were tests of the same type some small specific correlation 
between them seems not unlikely. This being so, the 
evidence for group factors common to Е;С and E,D is 
Still further weakened. 

On the whole, then, there are little grounds for con- 
cluding other than a single factor running through the 
four different types of test to which the specific correlation 
Observed in Table XXIII must be largely, if not entirely, 
attributed. Similar results follow from Table XXII. 

(b) R.A.F. ' Mechanical’ Group. Turning now to our 
next group of data— Table XXIV—and confining our 
attention to the four measurements which we have called 
the * mechanical group (rectangle A), the largest tetrad- 
difference to be found is 0349, with a probable error of 
70204. Once again, then, there is no evidence of other 
than a single &roup factor in this part of the table, 

(c) R.A.F. “ subjects’. If, on account of its specific 
correlation with the ‘mechanical’ group, the subjects of 
the Passing Out Examination (S) be included within it, 
the highest tetrad-difference becomes :0602—a value less 
than thrice its P.e., -0210.! Once more the ' specific ’ 
correlation is wholly accounted for by a single factor 
common to the ‘ mechanical ’ group and S. 


1 Yasta: YT8 — YAB- ET = '31 X MO — 22 X -29 = -0602. -This 
might possibly suggest a small specific factor common to T and S: 
since these were respectively the theoretical and practical parts of 
the same examination, and consequently involved much of the 
Same kind of technical knowledge, such Specific correlation would 
not be altogether unexpected. 

The p.e. given is that based on the average inter-correlation of 
all four ‘ mechanical’ tests and S. It becomes :0203 if we take, 
instead, the average of the four coefficients in the tetrad itself, 
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(d) R.A.F. ' Intelligence’ Tests. Finally, we may 
examine the tetrad-differences of rectangle B in Table 
XXIV for evidence of factors common to members of the 
‘mechanical’ and ‘intelligence’ groups. Here the small 
differences which occur are found to be without significance, 
for the largest, -0182, only just exceeds twice its probable 
error, :0081. 

(e) Conclusions. To sum up our evidence with respect 
to the way in which m functions, the application of the 
tetrad-difference criterion to our specific correlation C0- 
efficients has failed to disclose the presence, here, of group 
factors. That is to say, when the influence of the general 
factor is removed the resulting specific correlation 1S 
adequately explained by a single factor running through 
those measurements in which this correlation occurs. 
Small factors common to certain of the M tests have been 
suggested, but the evidence for these is slender. Even if 
existent, such factors would seem to be accounted for by 
common features in the manner of presenting the tests, 
especially to younger subjects, rather-than by factors 
within the mental processes essentially involved in working 
them. So far then as our present data are concerned, the 
marked super-correlation, and its natural consequence, 
the high specific correlations between those items in which 
the subject was required to deal with ‘ mechanical’ material, 


is best explained by a unitary factor—m—running through 
this kind of work. 


CORRELATION WITH m 


Just as we were able to determine, from the ordinaty 
inter-correlations of three tests involving a single common 
factor (g), the correlation of each of these tests with that 
common factor (Tables XX and XXI), so we шау now 
employ the coefficients of specific correlation (Tables 
XXII and XXIV) to determine the correlations of the 
‘mechanical’ tests with m. This has been done, and the 


1 For method, see Appendix, p. 205. 
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correlations of the M tests taken by the elementary groups 
with (working on Table XXII) will be found in Table 
XXV. Similar data for the mechanical tests taken by 
the R.A.F. mechanics are given in Table XXVI. These 
tables are, of course, analogous, with respect to m, to 
Tables XX and XXI, for while the latter indicate the 
extent to which each test is ‘saturated’ with the general 
factor which runs through all the data, so the present 
tables indicate the degree to which each of the mechanical 
tests is ‘saturated’ with the group factor. 

Each of the M tests correlates fairly highly with m. 
The average for the six tests employed with the elementary 
groups is -66; that for the two tests given to the R.A.F. 
Mechanics is -6r. The two parts of the Passing Out 
Examination (‘ Trade Knowledge ' and ‘ Subjects ‘) involve 
m to about the same extent, :58 and -59 respectively. 
While these coefficients are not sufficiently high to permit 
our using, safely, any single test as a measure of m, the 
tests compare favourably, in this respect, with many of 
the tests of 'intelligence ' in current use. Thus, to take 
a notable example—the Thorndike Intelligence Examina- 
tion used at Columbia College—the correlation of this 
test with g, as determined from its correlation with the 
special criteria which have been selected to establish its 
validity, proves to be :51.! Similarly, the average corre- 
lation between the following ‘intelligence’ tests,—viz. 
‘analogies’, ‘ completion ' ‘ directions’ and ‘ memory for 
digits ’, and g—was found to be :615;? while Webb, 
working with ‘ corrected ’ coefficients,? found his five tests 
(‘reasoning ’, ‘comparison’, ‘ problematic situations ', 

1 The criteria were (1) Scholarship score during Freshman year. 
(2) Regent's Examination score and (3) Secondary School Records, 
The coefficient given above was calculated from the data of Table 32, 
P- 87, Measurement in. Higher Education, B. D. Wood. 

2 By Spearman, from data obtained by Otis and Carothers: see 
Abilities of Man, p. 219. 

* Le. corrected for ‘attenuation’ due to errors other than the 


‘sampling’ error. Such correction tends to raise the coefficients. 
IO 
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' definitions ’, ‘ opposites ’) to correlate with g to the 
average extent of -65. Such tests appear. to be among 
the best commonly used to measure ‘ intelligence i 

Table XXVI provides an interesting comparison between | 
the two parts of the R.A.F. Passing Ош eee 
The ‘ subjects ’ part of this technical examination is m 
to involve as much m as the test in trade knowledge S 
ability. Reference to their correlations with g (Table ZRI 
shows that the former (‘subjects ") part is saturated wi 
gand m to about equalextents, while the trade test is more 
saturated with m than with &. This suggests that -an 
individual endowed with a fair degree of m may make a 
good practical ‘ mechanic ', yet never reach the higher 


Professional walks, entailing deeper theoretical knowledge, 
through lack of &. 


MEASUREMENT OF m 


(а) Method of Measurement. We now have, for the 
first time, the 


necessary data for measuring a ‘special 
ability '—5 an 


‚ by Max. It would be clearly 
to him the whole score Max as his 
measure of m, sj i 


cally’ into the Particular test q, 


Tag: x, Where Fag is the correlati 
amount of the individual’ 


single test, the effects 
in a team of M tests. 
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· equals 7,,.M,,.! Analogously, the second of these parts 
equals 7,,,.%,, Where 7,,, is the correlation of test a with 
the group factor m, and m, is the amount of the individual's 
m ; whence the required determination of m, is given by 
ат: Мо where m, and M,, have the same standard devia- 
tion. Thus the value to be assigned to m, is obtained by 
multiplying x's score at the test by the correlation of that 
test with s. For example, -68 of the score made at M; 
(Table XXV), -65 of the score at M,, etc., gives the most 
accurate measurement of the individual's m as gauged by 
these tests, The customary practice of taking the whole 
score as the measure of the ‘ability’ involved would 
introduce an error of over 40 per cent. on this account 
alone ! 

(b) Accuracy of Measurement, Even the more accurate 
determination, 7,,,.M,,, involves a probable error amounting 
to -67450, (I — 72,,)!, where с, is the standard deviation 
of a. It obviously decreases as 7,,, increases, and unless 
Yam is high the probable error will be so large as to render 
our measurement untrustworthy. To take an actual case, 
the root quantity above works out to -89 for the M test 
having least correlation with m, viz. Е, (46). This means 
that the sampling error involved in employing this test 
alone as a measure of m is as large as 89 per cent. of that 
expected from а pure guess. For M;, which correlates -79 
with m, the figure falls to -6r, so that a measurement of m 
effected by this test is appreciably more accurate than 
that given by Е,; yet it is not satisfactory, since the 
probable error is still no less than бт per cent. of that 
likely to arise from mere guesswork. In order to arrive 
at a more accurate determination we must somehow raise 
the correlation between the measuring instrument and m, 
This can be done by using not one, but a number of M 
tests, and ‘pooling’ the scores. For example, if we pool 
the two tests which correlate most with m, namely M; and 


1 Provided gx and Maz have the same standard deviation, See 
Abilities of Man, p. xiv ff. 
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C, and give equal weight to each, the correlation of this 
‘team’ with m becomes -851; if, further, we include Test 
D, the correlation of our team with m becomes :87. By 
adding yet a fourth test—another of the completion type— 
the correlation of the team with m is raised to ·004.2 While 
the standard of accuracy indicated by this figure would 
seem to be superior to that commonly attained in much 
current mental testing, it still leaves something to be 
desired, for we should hardly remain satisfied with a corre- 
lation under -95. This standard can be reached in the 
present case by still further increasing the number of tests 
in the team, and by giving additional weight to some of 
them, One such team is composed of the three ‘ models 
tests (Ms, Me, M;), the diagrams test (D), апа five completion 
tests (similar to C). The correlation of this team with ™ 
is ·951.2 A yet higher correlation with m may be looked 
for from improvements in the tests suggested by the 
analysis to which we now turn. 


1 By Spearman's formula for the correlation of sums, Brit. Jour. 
of Psych., v, 417. 3 

2 Assuming that the average correlation of the new C test(s) with 
the others in the team is the same as that of the present C. 


CHAPTER IX 
SUBJECTIVE ANALYSIS OF m 
METHOD ADOPTED 


O obtain insight into the psychological nature of 
the group factor which the correlations have dis- 
closed, a variety of our tests were submitted to 

psychologists well known on account of their special 
qualitative studies of mind, and in other ways, as able 
introspectors. Their careful accounts of what occurred 
meritally during the working of each test were taken down. 
Introspective data were also collected by ourselves during 
the construction of the tests, and subsequently. In our 
own case we found it helpful to adopt, in addition, a 
somewhat novel method of recording the introspection. 
This consisted in noting down as briefly as possible each 
thought (or other process) as it occurred while the task of 
solving the problem was actually in progress. While this 
procedure necessarily lengthened the time taken to solve 
the problem, and may at times have altered, to some 
extent, the course which mental activity would otherwise 
have taken, it served to record facts which the ordinary 
retrospective method might have overlooked. On this 
work of analysis much light was shed by Professor 
Spearman's principles. 

In the light of these introspections the mental activity 
involved was analysed into its constituent unit-processes, 
special regard being paid to those processes which seemed 
most directly associated with the ‘mechanical’ factor. 
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Here, as-throughout, we have been concerned with per- 
ceiving and thinking rather than with feeling and willing, 
ie. with 'cognition' rather than with “affection " or 
'volition'. Consequently, our attention has been given 
mainly to cognitive processes which occur in solving the 
tests. It is realized that emotional and volitional factors 
are important determinants of success in any task, but 
these would seem to merit a special study. The analysis 
has been based on Professor Spearman's Principles. In 
the hope of making it clearer to those who may be un- 
acquainted with these, we preface it by the following brief 
account of the three principles with which we shall be 
chiefly concerned. 


THREE FUNDAMENTAL PRINCIPLES 
First PRINCIPLE: APPREHENSION OF EXPERIENCE 


“Any lived experience tends to evoke immediately a 
knowing of its character and experiencer.’ The first 
principle, thus stated, maintains that in the case of any 
cognizable item that comes within range of our experience, 
we tend to know immediately, i.e. without the occurrence 
of intermediate conscious processes, one or more of its 
“characters ', and ourselves as knowing this ‘ character ’. 
To this process of knowing the ‘ characters ' of items given 
in experience Professor Spearman has given the name 
“experiential apprehension’, or more briefly ‘ appre- 
hension '. 

For example, the subject looks at a working mechani- 
cal model. The various parts of the model are the 
items of experience; their shapes, sizes, movements, etc., 
are their ‘characters’. The subject will tend to know 
(apprehend) these characters when he looks at the items, 
and in so far as such knowledge occurs it does so without 


1 For a full account, see The Nature of ‘ Intelligence’ and ihe 
Principles of Cognition, C. Spearman (Macmillan, 1923). 
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the intervention of other processes—it is а unit-process 
incapable of further introspective analysis. By this same ` 
principle, too, he tends to know, in the same immediate 
way, that he knows these characters. 


SECOND PRINCIPLE: EDUCTION OF RELATIONS 


Statement. ‘The mentally- presenting of two or more 
characters (simple or complex) tends to evoke immediately 
a knowing of relation between them.’ Starting with the 
products of the first principle—characters—this second 
principle states that when two (or more) characters (such 
as ‘black’ and ‘white’) are presented mentally, there 
tends to occur an immediate knowing of one or more 
relations between them (such as ‘ opposite’). Such 
cognizing of relations is known as ‘eduction’, to dis- 
tinguish it from the ‘apprehension’ involved in the first 
principle. 

‘ Fundaments.’ The items that bear a relation to each 
other are known as its fundaments. Thus, in the above 
example, ‘black’ and ‘ white’ are the fundaments of the 
relation ‘opposite’. It is clear that relations may be 
educed between any of the characters apprehended in 
experience, and also between the relations themselves, as 
when the relation which three bears to six is seen to be 
equal to that which five bears to ten. Consequently, any 
of the products of the first and second principles (and also 
of the third, as we see later) may serve as fundaments, 
and these may vary considerably in degree of complexity 
and abstraction. 

Diagrammatic Representation. The eduction of rela- 
tions is conveniently represented symbolically by the 
following diagram in which the squares represent the 
apprehended fundaments, while the dotted circle repre- 
sents the relation which tends to be educed between them. 


+ From Spearman's Principles, р. 64. 
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THIRD PRINCIPLE: EDUCTION OF CORRELATES 


Statement. ‘The presenting of any character Mors 
with any relation tends to evoke immediately a d b 
of the correlative character.’ The process сое А) 
this third principle may be described as follows. Mo 
any character such as ‘ white *, together with any ге sible 
Such as ‘ opposite’, is given initially, then it is pos cis 
to educe directly from these items a second € 
which bears that relation to the given character (in p 
instance, ‘ black ^. This second character is known Ade 
‘correlate’. The knowledge of the appropriate corre EU 
has its immediate Source in, and is, as it were, ла 
out’ from the very meaning of the initially presen 
items. The process of ‘ correlate finding ', then, like s 
of ‘relation finding’, is eductive. It, too, may be repr 
sented diagrammatically. 


Here, A represents the initially given character which 
is serving as fundament, and C the initially given relation ; 
B represents the correlate educed from A and C. 
` As before, the fundaments may be simple and concrete, 
or may attain to any degree of complexity or abstraction : 
they may, moreover, be relations, as when the opposite to 
“ different’ is seen to be * same’. 


1 Spearman’s Principles, p. 92. 
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Multiblicity of Elements. So far, only cases in which 
relations have functioned singly have been considered, 
but in the manifestations of both the second and third 
principles the fundaments or relations which enter into 
any single eductive process may be multiple, as when each 
of a number of objects is seen to be different from, or 
Similar to, the rest (second principle, or when a point 
equidistant from three &iven points is found (third 
principle). 


THE ANALYSIS OF m 


Introductory. All the essential processes associated 
with the group factor (m) come clearly and completely 
to view in the ‘ models "tests. We shall therefore employ 
our analysis of the latter to provide typical examples of 
these Processes, and accord briefer treatment, in the 
Appendix, to the other tests in which әл was found. 

It will be remembered that in the ‘models’ test the 
experimenter moves one of the visible parts of the mechan- 


cation to the problem in question occurred 
taneously, so that it was difficult to distinguish, intro- 
spectively, the second Stage from the third. 


1 An ‘intelligence’ test in which 


certain missing words h 
P E avi 
to be inserted in a Sentence, е 
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cases, particularly where the mechanisms were more 
complex, the third stage was easily distinguishable from 
the second, and became the crucial part of the whole 
problem. Let us examine these stages in detail. 


First STAGE: SPECIFIC FORMULATION OF THE PROBLEM 


Description. Here the subject must follow the деш 
stration of the model, and note the various parts pointe 
out by the experimenter. In particular he must obe 
what the experimenter does when he works the noe 
and what results therefrom. He has passed Succ y 
through this stage when he has formulated the problem 
in some such words as, ' How can that button be move 
up by moving this handle down ? ' 1 

Although the unit-processes involved in this stage EHS 
numerous, it must be.remembered that more than three 
moving items are seldom introduced into any one * model ". 
Moreover this work is facilitated by the experimenter, who 
not only demonstrates the actual movements by working 
the model, but also directs attention to those ати 
which enter essentially into the problem. Consequent y 4 
the work of this first stage, in so far as it refers to E 
grasping of the general problem as initially presented, 
seemed well within the capacity of all subjects. я 

But the subject must not only make clear the require 
ments initially, he must keep them clear during the second 
and third stages. Here greater individual differences Were 
observed. This is not merely a matter of memory. 
weak subject who finds his whole attention engrossed over 

one baffling point is apt to lose sight of some other essential 
requirement. To quote the introspection of a subject who 
had incorrectly placed a pulley to the right of, instead of 
above, a certain groove :—‘I placed top pulley to the 
right without thinking of its position. It seemed to be 
swamped in the larger problem of how the downward pull 
of the string would move the button upward.’ 

Finally, the making of the requirements clear includes 
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the analysing of the initial, complex problem into its sub- 
Sidiary constituent problems. The importance of such 
analysing is shown in the following introspection: ‘The 
idea occurred to me that there might be two bars . . . but 
as it (the model) worked again I thought this impossible 
or unlikely. I then thought that the stopping (of the bar) 
could be produced by a projection fixed to the bar. The 
method of stopping the bar seemed to be the main problem. 
I did not know where the projection was placed. . ... I 
thought there might be several projections, but had no 
idea of their precise situations or the effects they would 
produce. I then split up the problem into two parts and 
asked.(r) what would prevent the bar moving more than 
half way to the right, and (2) what would prevent movement 
of the bar to the left to the extent observed. I decided 
that the projection as indicated (in S's answer) would do 
this. The real intellectual work begins with splitting the 
problem into two parts.’ 

The essential cognitive processes involved in this first 
stage may be divided into :—(1) those involved in cognizing 
the presented items when stationary, and (2) those involved 
in cognizing the movements of those items which move. 
They may be stated as follows :— 

Processes involved in cognizing the items when stationary : 

(т) Apprehension of certain spacial characters of each 

item, viz. its shape, size, and position. 
(2) Apprehension of certain simple qualitative characters 
of each item, especially whether it is ‘ stiff’ (as 
а rod) or ‘limp’ (as a string). : 

(3) Eduction of the relations i 
of each item (at an 
positions of the oth 


n space which the position 
Y given moment) bears to the 


er items (at the same moment). 
Processes involved in cognizing the items when moving : 


(т) Apprehension of certain characters of the movement 
of each item, viz. its spacial characters of shape, 
size (or extent), position, and direction ; its 
space-time character of Speed; its temporal 
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character of time of occurrence (simply appre- 
hended as occurring ‘now’, or ' just occurred ’, 
or ‘about to occur’). 

(2) Eduction of certain relations between the above 
characters of the movements, viz. the relation 
of likeness (or difference) between their shapes, 
simple quantitative relations between their 51205, 
the spacial relations between their розе 
(both between the positions of the completen 
movements, and between the positions whic 
the moving items may at any time occupy due 
movement) ; the spacial relations between Бех 
directions ; simple time relations (as of Simus 
taneity’ or ‘succession ') between their un 
simple quantitative relations between their spee' 
(such as ‘greater’, ‘equal’, ог ‘less ’). tie 

(3) Eduction of remote causal relations between 
movements themselves. А if 

With regard to the last-mentioned causal relations, 3 

A, B and C are three items such that when movement ; 


A’s à 


imparted to A, В and С are also observed to movè, ^^, 
movement will be cognized as the cause of B’s an 
movements, but it will not be known immediately from me 
observed movements whether the movement passes along 
the hidden part of the mechanism from A to B and thenc? 
to C, or from A and C and thence to B, or directly from 
to both B and C. Hence although the movements are 
known to be causally related, the precise way in which 
they are so related (ie. the relative immediacy of ш 
relation in the сазе of any pair as compared with any other 
pair) is not given in the presentation. 

The knowledge that the observed movements are causally 
related is derivable from three sources: (x) by simple 
acceptance of the experimenter’s statement that the 
observed parts of the mechanism ‘ work together ’ ; (2) by 
reproductive association—the subject, having observed 
formerly that the movement imparted to one part of a 


SUBJECTIVE ANALYSIS OF ж 143 


mechanism is able to cause movement in other distant 
parts by means of suitable connections, and that such 
movements cannot occur of their own accord, now associ- 
ates by similarity the present mechanism with such known 
mechanisms; (3) by eduction the movements of one 
item are seen to vary concomitantly with those of another, 
from which is educed their causal relation as an attribute 
of the movements themselves. 

Diagrammatic Representation. The mental processes of 
this first stage are represented diagrammatically in Fig. 
5: the characters by black squares, the relations by black 
circles. The dotted rectangle represents the gap which the 
subject is called upon to fill, and encloses the items which 


must be cognized in stages II and III, and whose nature 
will be dealt with later. 


Fic. 5. 


Comments. The work of ‘maki 
clear’ consists essentially in s 
characters and relations given 
which bear specifically on the р 
to clear awareness. Thus, wh 
of one item must be brought ab 
of another, attention must b 
particular characters of the m 


ng the requirements 
electing from the various 
in the presentation those 
roblem, and bringing these 
ere a downward movement 
out by an upward movement 
€ specially focused on these 
ovements and on the relations 
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between them in order to make this requirement clear. 
Similarly, the work of analysing the problem into n 
parts consists in singling out for special consideration eac 

requirement in turn and making this clear. 


We shall see later that many of the items cognized in 


this stage function in the eductive processes of the за 
and third stages. The subject, however, may not alway 
be fully aware of the items which function, for these p 
do so at a very low level of intensity, or even sub-co 
sciously. 

Terminology. For clearness and brevity, we shall тш 
to the 'characters' enunciated above as mechanic 
characters—and to the relations as mechanical таны, 
Of such characters (or relations) those which bear specia E 
on the problem in question we shall call the releva 
mechanical characters (or relations). 


SECOND STAGE: FINDING A GENERAL METHOD 


Description. Having made the requirements of the 2 
(or some particular part of it) clear, the subject proce m 
to find some method which will satisfy these require 
i.e. to fill in by a suitable mechanism the gap betwee Fi 
presented items, represented by the dotted rectangle in 16. 
5. If he does not see immediately how this is to be dod Т 
and this seldom happens except in the case of the first mo т 
of each series, which was made especially easy—he tends 
to conceive, in quite general terms, a method which seems 
likely, or possible. The details are usually lacking. There 
шау be, for example, no clear idea where the pulley, 01 
the pivot, or the string which it is intended to use should 
be placed. That is to say there is, as yet, no clear cognition 
of the relevant mechanical characters of the items to be 


employed. As these become known the work passes from 
the second stage to the third 
Two Methods of Search. 


may be pursued in either 


The search for a suitable method 
of the following ways : 


| 
| 
| 
i 
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(x) Reproduction followed by Eduction. The presented 
mechanism recalls some particular kind (or class) of mech- 
anisms known to the subject (sometimes a mechanical 
model which he has previously solved), and he thereupon 
reproduces such items as he has learnt to associate with 
these mechanisms. 

If reproduced from a general class of mechanisms the 
items are usually vaguely conceived. The subject must 
then re-examine the specific Tequirements of the test in 
order to give clearer definition to those characters of the 
reproduced items which bear directly on the problem, 
In so far as this occurs the process is eductive. Such 
characters of, and relations between, the presented items 
relevant to the problem (i.e. the ‘ requirements ') are the 
first fundament, the causal and spacial relations which 
itis proposed that the reproduced items should bear to these 
act as the mediating ‘ relation ', the more clearly defined 
characters of the reproduced items are educed as the 
correlate, 

When derived from some definitely remembered 
reproduced items are 
usually recalled with greater clearness, Reference to the 
requirements of the test is then necessary to determine 

Here, again, the 
me of relations— 


to the acceptance or 
the method is found 


light during previous trials. That is to say, 
and error ' method tends to pass into an alternati 
which we will now proceed to describe, 

(2) Eduction followed by Reproduction. 


this 'trial 
ve method 


This alternative 
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method is by means of correlate-eduction followed Er 
reproduction. One or more of the attributes of bo. 
sented items, i.e. the ' characters’ and ' relations ' O Es. 
items, and of their movements, cognized in Stage I, € m 
as the initially given fundament ; the relations which is 
items sought for in the method must bear to а 
sented items аге given in the problem itself, and a 
either singly or complexly as the given o ae "E 
are educed one or more attributes (i.e. charac x ES a 
‘relations ’) of the item sought for. The item W. PS 
known to have such educed characters then com! 
reproduction. NONU Үгү; 
Tor example, the subject educes that someone E. 
‘joining two buttons in a straight line’, whic P. Avid 
‘move with the buttons’ in a certain ee E "st 
required, and reproduces a ‘rod’; Or he е i US 
something is required that will ‘pull’ but no E da 
and reproduces ‘string’; or again, he Бапов а must 
order to connect up certain items the required i * pulleys 
pass, as it were, round corners, and reproduces P 
and string’. ce 
Chief among the educing fundaments are the und 
relations between the presented items and their move! that 
These differ peculiarly from other kinds of ri zio 
they have, themselves, a spacial character. Thu vints 
complex space relation between three co-linear 7 UP 
has a definite spacial character differing from that o ints. 
space relation between any other arrangement of pu de 
Similarly, the relations between the movements ae 
various items have each a spacial character. The su sae 
knows that the items (and their movements) sought he 
in the method must fit in spacially with those given Jn v 
presentation : that is to say, that their spacial characters 
must in some respects resemble those of the space relations 
between the presented items. Hence is educed the corre- 
lative spacial character of the items sought for. То give 
an illustration, a subject (a university graduate) was 
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shown a 'model' in which two buttons moved along 
grooves at right angles to one another. He stated that 
this arrangement of the movements (i.e. the spacial char- 
acter of their relations) was seen to differ from a previous 
one (in which the movements were parallel) by being more 
complex; it seemed divisible into two parts. Conse- 
quently he sought for something having two parts similarly 
arranged. This suggested the two arms of the human 
body—then two rods pivoted together at one end. He 
remembered having seen a similar arrangement of rods 
in a strength-testing machine. Here the particular spacial 
character of the relation between the presented move- 
ments, together with the relation of ‘resemblance’, 
enabled the correlative character of the required item to 
be educed—the actual item then coming by reproduction. 

Diagrammatic Representation. The processes whereby 
certain of the characters of the items sought for in the 


‘ method ’ tend to be evoked, may be represented diagram- 
matically : 


VIP 
‚ item 5 


A represents the initially given (complex) fundament. 
B represents the initially given relation, 
C represents the educed correlate, 
D represents the reproduced item, i.e. something that can ‘ pull’ 
(or ‘push’, or do both, as the case may be). Y 
<> reproductive association. 
II 
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ig ana 

{cnaracter 1 Item DA 
Space So A презел 

gu 4 ‘this 
Relations 0 


Fic. 7. 


А represents the educing fundament, viz. some common spacial 
character of the initially given relations. ^ 

B represents the educing relation—the item sought for is known 
to 'fit in' with A. 

C represents the educed correlate. 

D represents the reproduced item. 


<> reproductive association. 


Comparison between the two Methods. Both methods 
involve reproduction and eduction, but differ in the order 
in which these occur. By the first method the items sought 
for come by reproduction and must then be compared 
with the requirements of the test to determine their 
general suitability; by the second method the general 
character of the items sought for is educed as a correlate 
to the given requirements, and the item having this general 
character is then reproduced. Similar differences are to 
be observed between the methods of solving an ‘ analogies 
test, or a * completion ' test, or indeed, it would seem, апу 
test in which some missing essential part has to be found. 
To take an example from ‘ analogies ', the subject is pre 
sented mentally with the following :— Before, behind ; 
future, ?? in which he is required to find a fourth 
term bearing the same relation to the third as the second 
bears to the first. He may proceed in either of two ways. 
He may first reproduce by mere association of ideas the 
term ‘past’, and then see whether this term fulfils the 
required condition—a procedure which corresponds to 
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our first method above. Or he may first educe the relation 
between the first two terms and then, using this as the 
educing ‘relation ', and ‘ future’ as the initial fundament, 
educe the required correlate—a procedure corresponding 
to our second method above. It is clear that of these two 
methods the second is to be preferred, since the search 
when thus pursued is directed by some knowledge of what 
to look for. If, however, the eductive process is weak, so 
that the subject finds it difficult to cognize clearly the rela- 
tion between the first two terms, he must needs resort to 
the first method. By so doing he tends to lighten the 
demand made upon his eductive powers, for now he has 
only to educe the identity (or otherwise) of the two relations 
—a task usually easier than that of educing their precise 
character. 

And so with our ‘models’. The weak subject tended 
to adopt the first method. He would frequently attempt 
to bring the requirements of the problem under some 
familiar general heading or principle, such as that of 
‘levers or ‘pulleys’, or would recall some previous 
attempt—often with little bearing on the problem in 
hand. His eductive powers for this kind of test being 
weak, the third stage—that of ‘applying the method’ 
—was usually poorly carried out and he seldom arrived 
at a neat solution. 

, But a ‘model’ differs from an 'analogy' in one 
important respect—the items required to be found in the 
former number not one, but several, and the relations to 
be satisfied are many. In this way it more closely resembles 
a ‘completion’ test in which several words, or even a 
whole sentence, are missing. On this account the items 
are seldom reproduced with full knowledge of all their 
essential ‘ mechanical’ relations and characters. To bring 
these to greater clearness and perfection is the work of 
the eductive processes of the third stage. 
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D ji 
THIRD STAGE : WORKING OUT AND TESTING THE GENERA 
METHOD 


ject 
Description. During this third stage the subject 
P eid to fill in Ше actual details of the gap TOP 
sented by the dotted rectangle in Fig. 5. This зар. ie 
divided broadly into two parts, viz. (A) the detaile ae 
cation of the general method decided upon in od (B) aie 
stage to the particular ‘ model ' jn question, nd v. 
testing (mentally) of the ‘method ‘ when app! E NI. 
whether the ‘model’ as completed will work. 1 m. 
part may be dispensed with when the task is an easy 
otherwise, it forms an important final step. 


A. Detailed Application of the ' Method um 

The mental work, here, consists essentially in Ee. 
clearly those attributes of the various items it 2 К еі 
to employ in the ‘method’ which we have C Men 
relevant mechanical characters. This includes, © that 
the modification or elimination of any сыш 
may have been wrongly attributed to these Ж, ) which 
must also cognize those relations (mainly spac! ch item 
the character(s) (such as shape and position) of ea ortan 
must bear to those of other items. Especially ER 5 
here are the spacial relations between the тоуете! EU 
the items, and particularly so in the case of each р 
contiguous items. 

Ahe: eductivo processes involved in this part p: ш 
work are largely those of correlate-finding. For охари / 
the subject, having decided to connect two items by i e d. 
wishes to determine where the pivot should be pia p 
Several fundaments and relations are available ho 
this knowledge may be educed. The successive positio 
(or any two positions) which the rod is required to oc 
when moving may function as the initial fundament, th 
- knowledge that the pivot must be at some point common 
to all these rod positions provides the given relation , 
hence is educed the position of the pivot, viz. the point 
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of intersection of these rod positions. Alternatively, the 
quantitative relation between the sizes of the arcs described 
by the two ends of the rod is first observed ; the position 
of the pivot is then educed as that point which divides the 
rod into two parts bearing this quantitative relation to 
one another. 

In the last example, the relation mediating between 
the two fundaments (‘ pivot’ and ‘ rod’) must itself first 
be educed as the relation between two other fundaments 
(the movements on the ends of the rod). Sometimes such 
educed relations will form part of the initial fundament, 
particularly when the mediating relation is either a causal 
or an evidential one. The following is a case in point : 


C 


Fic. 8. 


A and B (Fig. 8) are rods so connected that when A is 
pushed upwards B also moves upwards; and vice versa, 


. when A is moved back into its original position, B simul- 


taneously moves back. The subject decides to produce 
A and B towards one another until they meet, and to fix 
each rod to the card by a pivot. It is then seen that the 
contiguous ends of the rod would describe circular move- 
ments. The space relation between these circular move- 
ments is educed as that of * overlapping’. This relation 
together with the ‘ shape’ of the movements, functions as 
the initial fundament, the mediating relation is that of 
'evidence'; hence is educed the need of Some modifica- 
tion at the ends of the rods to permit of this 
lapping '. 


*over- ` 
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The precise kind of modification which the subject may 
employ must be decided by further eduction, or by repro- 
duction. The following figures show how the subsequent 
course of eduction may lead to two different kinds of 
modification : 


IN ий 


A AAAA 


In Fig. 9, A, B, C and D illustrate a subject’s success 
attempts to devise the necessary modification of the re 
of the rods. Fig. ro shows the same thing for ano ro 
subject. In both cases the subjects (university gradua E 
grope their way to a partial solution of the problem by i 
Series of eductions in which the necessary spacial char 
acters of the end of the rods become gradually clearer. 
Some further examples illustrating the eductive work О 
this third stage will be found in the Appendix. 


B. Testing the Method 


Difficulty Experienced. The second part of this stage— 
the final testing of the method—consists in cognizinB 
whether, and if so, how, the various items which have been 
introduced into the solution will move when an attempt 
is made to work the model. References to it were made 
in the introspections by such words as: ' I tried to cognize 
the effect of moving the handle’, ‘I tried to see how it 
would work’, ‘I put in the pivot and saw that it would 
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work'. It becomes more evident as a distinct step where 
the subject has had difüculty in applying the method. 
In such cases he is usually unable to deal with more than 
a limited part of the problem at a time. Having completed 
the ‘ model’ in this piecemeal fashion, it remains a distinct 
task for him to see whether all the requirements are 
satisfied. 

The solution referred to in Fig. 14! brings out this step 
clearly. The subject (a university graduate) first obtained 
string C, then, after a distinct pause, string D. He then 
tried to see how the complete arrangement would work. 
This appeared in the introspection because the subject had 
the greatest difficulty in doing so; in his own words, ‘I 
then tried the movement (mentally) again to see the com- 
bined effect of both strings. I found it difficult to cognize 
this combined effect and was not satisfied with the result, 
but had to leave it,’ 

Two Classes of Items. The nature of this difficulty will 
be rendered more intelligible if we begin by classifying the 
items employed. These may be divided into two classes, 
viz. those, like rods, strings and springs, which are used 
to transfer force from one item to another ; and those, such 


a chain along which moti 


not, but are, as it were, ‘bound’ to those links whose 


—the pulley to its string, the 
ks ' may be further divided into 


of their elasticity. 
Modes of Linkage. The ‘ linked ' items may be further 
distinguished according to their mode of linkage, They 
1 Appendix, p. 200. 
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may be fastened together, or may be simply contiguous 
in space. The mode of fastening may allow some freedom 
of movement at the joint, which may be rotary, as when 
one rod pivots on another, or translatory as when it travels 
along a slot cut in the other. Items may be employed as 
‘simple’ links, or combined together into * сотрош 
links, Fig. 163 will illustrate this. When X is pushed 
upwards its movement is transferred to B and C by Hs 
single ‘link’ A; such a link will be referred to as а se 
link. A's movement, on the other hand, is {апе 
to Y by means of two items, B and C, linked not only to 


A but also to one another: such a link as B-C, consisting | 


of two or more linked items, will be referred to as а сога 
pound’ link. В t 

Two or more links (simple or compound) may be pu 
together to form a 'chain'. A pair of items may be 
connected by a single ' chain’, as XY in Fig. 16, ог DE 
double chain, as AB in Fig. 13.2 Chains of greater com 
plexity were not employed in our tests. tal 

General Course of Mental Activity. Now the тена 
work involved in the present phase, that of testing d 
method, consists, broadly, in taking each pair of links 1n 
turn and considering four things: (1) the kind of n 
ment which the force imparted to the ‘ operating lin 
tends to bring about in it; (2) the spacial characters 
(‘ position’ and ‘ direction’) of the force which is conse- 
quently transferred to the ‘operated’ link; (3) the kin 
of movement which such force tends to impart to this link; 
and (4) the possibility of movement actually occurring, 
and if so, the kind of movement which does in fact occur. 
Of these, the first three, although essential preliminary 
steps, usually provide far less difficulty than the fourth, 
which is the principal step here. We will consider the 
mental processes underlying these steps in the case of the 
pair of simple links shown in Fig. rr. 

Here the string S, passing over two pulleys Ру, Ps, has its 

1 Appendix, p. 201 7 Appendix, p. 199. 
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end s tied to the end 7 of a rod R. The latter is pivoted 
toa support at Е. P, Р, and F are in the same vertical 
plane. It is required to cognize how the string S and the 
rod R will move when S is pulled at X in the direction of 
the arrow. Such a simple task would be immediately 
carried out by most subjects—although even here some 
striking differences were observed. E 

Preliminary Steps. The first step consists in recognizing 
the kind of movement which the pull at X tends to set 
up in the string, which is here the operating link, and, in 
particular, the direction of the movement at s. Such 
knowledge is given by the space relations between the 
point X at which this force is applied and the items to 
which the string is ‘ bound ’, viz. the pulleys Ру, Р,, together 
with reproductive knowledge of how strings in general 
act when pulled. 

The question to be answered in order to carry out the 
second step may be put quite generally as follows: (a) 
Will the ‘ operating ’ item exert a force on the ‘ operated’ 
item when the former tends to move in the way cognized 
in the first step? (b) If so, at what point in its movement 
will it begin to exert this force? (c) At what point on the 
'operated' item will it be exerted? and (4) in what 
direction ? 

Where, as in the present case, the two links are in immedi- 
ate contact, the answers to these questions come by way 
of reproductive knowledge that a string tied to an object 
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will exert a. pull as soon as it is itself pulled taut, at the 
point to which it is tied, and in the direction in which the 
tied end tends to move. In the light of this knowledge, 
s is cognized as tending to pull 7 ‘upwards’ when the 
string is pulled. о 
The kind of movement which tends to be set up in R 
as the result of the pull at 7 must now be cognized, such. 
work constituting the third step. This is merely a repeti- 
tion of the first step, but now carried out with respect to 
the ‘operated’ item R. As before, the answer 15 known 
from the space relation between the point of application 
of the force (7) and the pivot (f) to which the rod is 
*bound', together with simple reproductive knowledge 
of how rods rotate on pivots. In this way R is Co 
as tending to rotate in a clockwise direction as a resu. 
of the pull at 7. “ыл 
Principal Step. So far only one position of the links 
has been considered, viz. that which they occupy pe. 
movement begins. Usually, however, the two items ar 


required to move in such a way that they continually | 


change their positions relative to one another, with a con 
sequent change in the direction, and perhaps also posit 
of the force on the ‘operated’ item. Usually, too, 
' operating’ item is required to exert a continuous force 
on the ‘ operated ' item during such part of its own move 
ment as will serve to bring about a definite kind of move 
ment in the ‘operated’ item. It therefore remains, 1 
this fourth and principal step, to determine whether the 
two items are so ‘linked’ that the requisite changes 1 
their relative positions may be possible. To put this 
question in reference to our example,—how precisely will 
the rod and string so tied together move, if at all, when the 
string is pulled? This step was referred to as * cognizing 
the combined effect of the movement’. 

There are two ways in which the subject may carry this 
out. He may cognize the movements of both items simul- 
taneously as they are conceived to travel from their initial 
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to their final positions ;1 or he may consider each move- 
ment separately. The essential underlying process, how- 
ever, is the same in both cases, viz. that of correlate-finding. 

To take the first case, the rod is conceived to move 
forward slightly in the way cognized in step (3). We will 
call the position into which it immediately passes R, 
(Fig. 12).. The correlative position of its end 7 is known 
from the constant relation which it bears to the rod. Let 
this position be ,. The reproductive knowledge that the 
end s of the string must remain tied to the rod gives the 
relation between s and 7, whence the correlative position 
of s (say s, is educed. Finally, from 5, and the known 
space relation which the rest of the string must bear to 
its end which passes over the pulleys as cognized in step (1), 
is educed the correlative position of the whole string (S,). 
In the same way, as the rod is conceived to continue its 
movement forward through R,, R,, etc., the correlative 
positions which must be taken up by the string are educed. 
The space relation between each pair of correlative positions 
at any point of the movement indicates the kind of pull 
on the rod at this point, and hence it is known whether 
there will be any tendency to further movements, Such 
further movement of the rod will be cognized as ‘ possible’ so 
long as the correlative position of the string is one into which 
the pulleys will allow it to be pulled, as cognized in step (r). 

These processes are symbolized in Fig. 12, where Ry 
REAR cl A. R, symbolize the course of the rod’s move- 
ment, 5,5, ... S, the educed correlative movement of 
the string. The small circles symbolize the space relations 
whence, from any given position (К) of rod, the cor. 


1 Some subjects had the greatest difficulty in Cognizing move- 
ments of two objects simultaneously. One Subject (an eminent 
psychologist) found that only at the highest pitch of concentrated 
attention could he ‘catch a glimpse’ of two wheels of different 
sizes revolving simultancously around the same axle; he had equal 
difficulty in dealing with a driving band Passing around the cir- 
cumference of a pulley wheel. 
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relative position (S,) of string is educible. The large 
circles indicate the space relation whence it is known 
whether any further movement will tend to occur. The 
thick black squares represent the originally given funda- 
ments. 


Fic. 12. 


To turn to the alternative method of effecting this 
fourth step, the general course of the movement which 
the rod tends to carry out is cognized as before—steps 
(2-(3. The effect which this kind of movement would ` 
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have on the item to which it is ‘linked’ is then considered 
in the light of simple reproductive knowledge —in the 
present case, for example, it is seen that the clockwise 
movement of the end of the rod would pull the end of the 
string in the same direction. 

The movement will be cognized as ‘ possible’ so long 
as this clockwise movement of the end of the string is 
consistent with the movement of the string over the pulleys 
as cognized in step (1). The position in which the items 
come to rest (S,R,) is cognized as that point in their course 
at which this condition ceases to be fulfilled, ie. at that 
point in the movement of the rod at which its end 
approaches nearest to pulley P. The extent of the whole 
movement of either item is then known, being the space 
traversed in passing from its initial to its final position. 

General Survey. Having worked over every case of 
direct linkage, it remains to survey the mechanism as a 
whole to see that no item in moving will interfere with the 
movement of any other. Where, as in our tests, the 
mechanism is not too complex and the links are fairly 
widely spaced, a general glance will usually suffice for 
this. Where, however, the close proximity of any pair 
of links suggests the likelihood of one interfering with the 
other, the correlative positions which each of the pair of 
items concerned will pass through as they move, must be 
cognized ; whence it can be seen whether or not the items 
will tend to occupy, simultaneously, the same position 
at any time. The finding of these correlative positions, 
although a more complex operation than that which we 
have just considered, involves no essentially new process, 
For any given position of one 'link', the correlative 
position of any other ‘link’ of the chain 


© 1 may be found 
by cognizing, successively, the correlative positions of the. 


1 Such knowledge relates to the way in which the iter 

à m. 
‘linked’; objects pinned or tied tog dE 
in contact when moved, rods slotted together ma sli 

another to some extent, etc. = ap 
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intervening links. It would seem, however, that _the 
greater the number of links one can deal with at a time, 
by keeping all the necessary relations in mind, the better. 

Where more than one ‘chain’ is employed, what has 
been said with respect to ‘links ’ applies also with respect 
to ‘chains’. Having examined the complete movement 
of each chain in the way described, it must then be seen 
that each pair are so linked that when one chain is operated 
the ensuing movement in the other is possible and of the 
kind required. s 

We have not yet considered those cases where the items 
are so linked that they are not in contact throughout the 
movement, nor those in which compound links are 
employed. These, however, differ only in complexity 
from the simple linkage already examined. As they 
provide no new difficulty their consideration has been 
postponed to the Appendix.1 For similar reasons the 
analysis of our other tests will also be found in the Appendix, 
for these too, while clearly showing the presence of the 
Same kind of mental operations as those which we have 
now examined, failed to disclose any additional processes 
Which could be specially associated with mm. 


THE NATURE OF THE GROUP FACTOR 

Having examined the mental processes occurring in 
those tests which involve m, we are now in a position to 
see more clearly the psychological nature of the latter. It 
is true that these tests needed the ability to understand 
the simple instructions given, and a willingness, together 
with the necessary interest and attention, to carry them 
out. But such may be said of all mental tests—and they 
are, moreover, qualities which would tend to diminish the 
influence and significance of any ‘special ability’. By 
taking groups of subjects of approximately equal mental 
development and ‘training’, their influence was reduced 
to а minimum. . The outstanding feature in which the л 

1 See p. 199. 
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tests differ from the customary ‘intelligence’ tests, and 
from that part of our own data in which no m was found, 
is the spacial character of the material employed, together 
with that particular kind of thinking about this material 
which we have examined. Such thinking involves not 
merely the apprehending of certain spacially arranged 
items, as in a design, nor solely in the eduction of their 
space relations whereby the design is known to have a 
definite shape, or pattern: superimposed on this definite 
arrangement of parts is movement—and as the items of 
the mechanism move their pattern continually changes. 
The new patterns are not given in the presentation, neither 
are they formed in haphazard fashion as in a kaleidoscope, 
but in a certain orderly way. The ground of each new 
pattern lies in the immediately preceding pattern and 
must be educed therefrom by means of the space relations 
between certain of its parts. 

The same kind of thinking is clearly present in those 
other parts of our data in which the group factor occurs, 
as, for example, in Part II of the Air Ministry’s Mental 
Efficiency Test. In each of the tests comprising this part 
the subject is presented (in diverse ways) witha certain 
set of spacial fundaments arranged in a given manner, and 
is required either to educe the resulting arrangement when 
they are moved in a certain stated way, or to determine 
how they must be moved to produce a given arrangement, 
The same may be said of much of the activity involved in 
‘ Handwork ', ‘ Handicraft’ and the ‘Trade Test’. This 
nearly always involves the planning of the shapes into 
which various parts of an object must be cut in order that 
when fitted together in a given way they shall make the 
required object. Similar mental activity is often involved 
in technical drawing, as when one view of an object, such 
as its elevation, plan, or section in a certain plane, must 
be derived from another, as given for example in a sketch 
or photograph. The specific correlation of the ‘ School 
Subjects’ (Air Ministry Examination) with the m factor 
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is similarly accounted for. These not only included 
drawing of the kind just mentioned, but were heavily 
weighted with problems about various parts of engines, 
mechanical movements and other spacial material. 

Quite different was the case with Part I of the Air 
Ministry Test, for nowhere in this was it necessary to 
cognize either spacial fundaments or space relations ; 
neither did these processes enter to any appreciable extent 
in the ordinary school examination.t Here it is important 
to distinguish between such mere apprehending of shape 
and form as is required in drawing and modelling from the 
concrete object in the ‘art’ lesson, and the eductive 
work in the m tests. These latter require neither the 
special ‘eye’ (or ‘hand’) for nice distinctions in shapes 
and sizes, nor the executive skill needed in the former, but 
demand, on thé contrary, a considerable degree of eductive 
thinking. In these respects our tests differ from those of 
so-called ‘ practical’ ability in which the object is actually 
constructed, and from those,? again, in which a certain 
inset is selected merely on account of its shape and fitted 
into its appropriate hole. It is now also evident why out 
‘Knots’ Tests showed little correlation with m, for in this 
test the essential work was to determine whether the 
twists in a certain part of the string resembled the shape of 
a knot—it was not necessary to educe the subsequent 
position of the string, or even possible, for the string WO 
not move as a mechanism. Clearly the presence of ?' 
depends not only on the spacial character of the material, 
but also on the kind of thinking to be carried out in relation 
to that material. Seeing that we avoided, as far as possible, 
questions which would require special knowledge 01 
training, m appears to be best identified with innate 
aptitude for this kind of thinking. 


1 We have already referred to the difficulty teachers found in 
trying to estimate their pupils’ ‘ingenuity’ from the work done 
in the classroom. ы 

2 Known as ' formboard ’ tests. 


CHAPTER X 
SIGNIFICANCE OF THE RESULTS 


FOR PSYCHOLOGY 


HEORIES of Mind. We have seen in Chapter ПІ 

that the theories regarding the way in which the 

mind is held to function are of three kinds, namely 
the ‘ anarchical ’, the ‘ oligarchical ' and the ‘ monarchical '. 
Our experiments were not especially planned to throw light 
on this question, and consequently our data are not of the 
kind it would be necessary to collect in order to put such 
theories to a crucial test. Nevertheless it may not be 
altogether unprofitable to ask which of these theories best 
explains our results. On the anarchical view success at 
the various activities measured by the tests, estimates 
and examinations, is dependent on a number of psychical 
elements or ‘ factors’ which function in entire independ- 
ence of one another. According to this theory the corre- 
lations observed in our data between each pair of tests 
would be attributed to the occurrence in them of identical 
elements, i.e. to a number of common factors. We have 
already noticed the difficulty involved in explaining our 
super-correlation by a number of independent group 
factors, rather than by a single group factor. Moreover, 
our table of ‘ specific’ correlations afforded no indication 
of a number of common factors, but was, on the contrary, 
adequately explained by the presence in the mechanical 
group of a single factor running through it. Our results, 
then, do not lend support to this theory so far as the per- 

12 163 
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formances covered by them are concerned. It would of 
course be quite a different matter to resolve the group 
factor itself into a number of more elementary constituents 
(as, for example, the mental processes involved in the 

. analysis), functioning as a single interdependent group of 
elements—but as such it would still function as a whole, 
being merely complex in nature. To this view there would 
Seem to be no objection. 

According to the oligarchical view we must attribute 
Success at the various performances to one or more 
'faculties or ‘abilities’. Each faculty may involve a 
number of interdependent activities, but functions apart 
from the other faculties. Thus there has been postulated 
a ‘mechanical’ intelligence acting independently of, and 
sometimes even assumed to be opposed to the kind of 

- intelligence needed to succeed in school subjects and the 
intelligence tests. Here, again, our results do not bear 
out the theory, since they go to show that much in common 
exists between these two alleged kinds of ‘intelligence’. 

The monarchical view, in its extreme form, would hold 
that the successful carrying out of any cognitive operation 
depends upon the correct functioning of two factors, viz. 
a factor which that operation shows in common with all 
other operations—the ‘general factor’—and a factor 
peculiar or ‘specific’ to that operation itself, Conse- 
quently correlation between different mental performances 
would be due solely to their common general factor, and 
‘specific’ correlation would occur only between simple 
mental operations of a similar character. We have already 
seen that our correlations need, for their complete explana- 
tion, a factor running through both the ‘ mechanical ' and 
the ‘general intelligence’ part of our data, so that with 
respect to the general factor the monarchical view finds 
further support here. But we have also evidence that 
another factor extends its influence over a wide part of our 
data, viz. the group factor m. The activity concerned 
here is by no means simple in character, but involves many 
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elementary processes, as the analysis of the M tests has 
shown, to say nothing of the complex nature of the Passing 
Out Examination. If the only other factor entering into 
these various elementary processes were those specific to 
the kind of process in which they occur their respective 
influences would tend to cancel one another in the complex 
performances measured by the tests and technical examin- 
ations, and the latter would tend to correlate with each 
other solely on account of the general factor common to 
every process. In view of the group factor which we have 
found, this is evidently not the case, and the extreme 
form of the monarchical theory needs some modification 
to meet this point. This seems best done by supposing 
that ability, at least where ‘mechanical’ operations are 
concerned, is dependent on three kinds of factors, viz. a 
general factor (g) which enters into all cognitive operations, 
a group factor (m) which restricts its range to a special 
group of mental operations, and a specific factor or factors 
(s) peculiar to each particular kind of mental operation. 
The ‘specific’ part may be regarded as the unanalysed 
residue which remains after g and m have been accounted 
for and in which suitable devised experiments may yet 
find further group factors of possibly less restricted range 
than m. Such a view has certain points of correspondence 
with all three types of theory. In the specific factors we 
have the independent elements of the ‘ anarchical’ view ; 
but these do not complete the story, for in addition there 
are the group factor, resembling in its wider though limited 
range the ‘powers’ of the ‘oligarchical’ view, and the 
general factor,—the all-powerful monarch of the ‘ monarch- 
ical’ view. 

The Measurement of Mechanical Aptitude. The fore- 
going discussion bears closely on the problem of measuring 
a person's ability for thé kind of work which we have 
examined in our tests and which we have found to enter 
largely into the technical side of mechanical engineering. 
It has been shown that we may appropriately speak of a 
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‘mechanical’ aptitude or a special ‘mechanical’ ability 
for this kind of work only in the sense that many of the 
mental operations which the work calls for depend not 
only on the general factor g, but also on at least one other 
factor, namely the special factor m. Some branches of 
engineering no doubt require much more m than g, while 
in others one might get on quite well with a modicum of m 
provided he had sufficient g. But there is no opposition 
between these factors— both are needed, but in varying 
degrees. 

Our results prove m to be of sufficient importance to 
warrant a careful measurement of it in individuals. The 
problem of its measurement is, however, complicated by 
the necessary presence of g, and possibly also of ' specific’ 
factors, in any test which may be devised to measure m. 
This difficulty has been met by determining the corre- 
lations of the test with g and m respectively, and then 
employing these to effect the measurement of m itself. 
Such determinations carried out with respect to the tests 
employed in the present research give every indication 
of the successful employment of these tests for this purpose. 
Having obtained the necessary data, it is now possible to 
measure an individual's m without introducing the gross 
inaccuracies which result from the usual practice of taking 
the actual test scores as the measure itself—and this 
without much additional work. 

Relation of ‘m?’ to other ‘Abilities’. The relation 
between what has been called ‘ mechanical’ ability and 
certain other so-called abilities may now be brought out 
more clearly. Of these we may mention in particular 
‘practical ability’ and ‘ motor ability’. A tendency to 
employ these terms as if they meant much the same thing 
is at times observable, and this view appears to be reflected 
in the tests which investigators have employed for measur- 
ing them. Thus we have Stenquist's test of ‘mechanical 
ability ', in which we found a large element of digital skill, 
and Dr. MacFarlane's tests of ‘ practical ability ’, in which 
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“mechanical relationships’ are said to enter, and which 
also involve some motor skill. These tests are described 
by Dr. MacFarlane herself as being both ' constructive and 
manipulative ', and her view as to what they measure may 
be given in her own words: ‘I prefer “© practical ability ” 
to “ manual ability ” because the latter stresses the import- 
ance of the act of manipulation whereas our tests show 
that mere motor dexterity is of comparatively small 
importance for success in the whole performance. . . . І 
do not wish to suggest that there is a single general factor 
common to all practical abilities. I think it much more 
probable that there is a complex of many factors, that 
these factors are not always the same, but they tend to be 
positively correlated.’ Other tests, known as ‘ perform- 
ance’ tests, are said by some to measure ‘ performance’ 
capacity, by others to measure a kind of intelligence not 
measured by verbal ' intelligence ' tests, while others yet 
again regard them as tests of g. 

There would seem to be at least four kinds of practical 
ability. There is, for example, the work of the designer, 
involving large m but no manual skill ; that of the machine 
operative, involving no m but a varying degree of skill 
according to the machine operated ; that of the automatic 
machine worker and machine minder, which appear to 
call for neither m nor motor skill; and finally, a host of 
engineering occupations which involve both m and some 
form of motor skill. As a first step towards a clearer 
insight into these various kinds of practical work it would 
seem desirable to analyse them with respect to m. 

To take the case of what has been called ‘ motor ability ' : 
this form of activity was specially avoided in our tests. 
Seeing, however, that the perception of space is largely 
developed by the aid of motor sensations, and that the 
material of the tests was spacial, it might appear at first 
sight. that motor activity was an indirect determinant of 


+See Dr. MacFarlane, ‘A Study of Practical Ability’, Mono- 


graph Supplement No. 8 to Brit. Jour. of Psych. & 
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success in dealing with this material. But the precise 
estimation of shapes, sizes and distances, in which motor 
experiences might conceivably play a part, was not required 
in the tests. The essential processes on which success or 
failure turned were not perceptual but of the eductive kind 
in which motor experiences could hardly have assisted. 

Another source of confusion between m and motor 
activity-may lie in the fact that frequently both m and 
some form of motor skill enter inseparably into the same 
work. This arises, for example, when the mechanical advan- 
tage derived from a tool depends upon the way it is held, as 
in prizing open a box, or batting a ball. An even closer 
connection between these two kinds of activity may some- 
times be found in what might at first seem to be purely 
motor activity. This occurs when the ‘ tool’ is some part 
of the body itself. The skeleton is, after all, a mechanism, 
and in some activities, such as boxing, success would seem 
to depend largely upon the ability to use it to the greatest 
mechanical advantage. A similar intrusion of m into 
motor activity was observable in some of Stenquist’s tests 
where the final act of assembling depended on a certain 
knack of holding the parts when clipping them together. 
All these cases are clearly distinguishable from those in 
which the m and the motor skill are easily separable, as 


when some mechanical object has first to be designed and 
then made. 


FOR EDUCATION 


Confirmatory Evidence of ‘m’. Turning to education, 
we may first notice a peculiarity about the educational 
accomplishments and training of many of our great pioneers 
in engineering. This consists in the fact that seldom did 
these excel in school studies but were, more often than not, 
men of no ‘learning’ in the ordinary sense of the word. 
To quote Smiles :—' One of the most remarkable things 
about Engineering in England is that its principal achieve- 
ments have been accomplished not by natural philosophers, 
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nor by mathematicians, but by men of humble station, for 
the most part self-educated . . . nor did any of the great 
mechanics, who have since invented tools, engines and 
machines, at all belong to the educated classes. They 
received no college education. Some of them could . 
scarcely write their own names. But where learning 
failed, natural genius triumphed.'! And again: ‘The 
greater number of early engineers were the offspring of 
necessity. Some great work was required to be done, and 
forthwith a skilled worker (for there were no so-called 
engineers in those days) was called upon to do it. The 
work which he had undertaken to accomplish often 
presented great difficulties and his efforts to overcome 
them amounted to a succession of individual struggles, 
sometimes rising almost to the heroic. In one case we 
find the born Engineer to be a London goldsmith like 
Myddleton ; in another a retired sea-captain, like Perry ; 
a wheelwright, like Brindley; an attorney’s clerk, like 
Smeaton ; a mathematical instrument maker, like Watt ; 
a millwright, like Rennie ; a working mason, like Telford ; 
a slater, like Clement; or an engine brakesman, like 
Stephenson. ? A similar fact is seen in the history of 
Engineering in America. Referring to the American 
industrial revolution of 1820-70, Prof. Mann says: ‘A - 
high degree of engineering ability was required to ac- 
complish this industrial revolution. Among the civil 
engineers who took part were a number who had the 
advantage of scientific training at Rensselaer or at West 
Point. But in the long list of mechanical engineers who 
built the locomotives, the steam engines, the machine 
tools and the farm machinery, it is difficult to find a single 
one who had any special school training for the work.’ + 
All this suggests that success at engineering is largely 


! Smiles, Lives of the Engineers—Early Engineering, p. xvi. 

? Ibid., p. xxii. ? Technical Colleges. 

4 Chas. R. Mann, ‘ A Study of Engineering Education’, Carnegie 
Foundation for the Advancement of Teaching, Bulletin No. тт. 
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dependent on a special aptitude which hardly enters into 
the academic studies of the classroom, and which is innate 
rather than acquired. It conforms with the low corre- 
lation of the M tests with the subjects of the elementary 
school, and provides further highly suggestive evidence 
of m. 

Place of ‘m?’ in the School Curriculum. The facts just 
noticed lead directly to the important question as to the 
place of m in the school curriculum. It seems clear that 
the ground covered by the schools and colleges was not 
very fertile where engineering in the early days was con- 
cerned. Since then, of course, an attempt to provide a 
moré suitable type of education for the technical worker 
has been made by the establishment of technical schools 
and colleges. But children do not ordinarily enter such 
schools before fourteen, and frequently at a much later 
age. It is therefore important that a special aptitude 
such as m should find some exercise in the curriculum of 
the elementary and the secondary school, so that it may 
have every opportunity of developing, arid some reliable 
knowledge of the pupils' capabilities in this direction may 
be obtainable. Even in a school where special encourage- 
ment was given to practical work it was found impossible- 
to estimate the pupils’ ‘ingenuity’ on the work carried 
out in the classroom,! and the correlations have shown how 
little m enters into these subjects. To find m we must turn 
to such subjects as woodwork and handwork. Even here, 
however, the correlations will convey a false impression 
unless it be remembered that our measures of ' ingenuity ШТ 
were not scores made at the work as such, but estimates 
of the trait in question so far as its presence in the work was 
observable by the teacher: the extent to which such work 
will tax ‘ingenuity ' must depend largely on the teacher's 
method. Much of this work is rightly directed to the 


1 Except (in the case of one class only) ' handwork ', to which 
we shall refer immediately. Е 
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development of manual skill, as indeed the term ‘ manual 
training’ implies. Unless therefore the pupils are thrown 
upon their own initiative, and are encouraged to devise 
and plan for themselves the objects they make, little oppor- 
tunity for the exercise of ‘ingenuity’ is likely to occur 
here. There is, perhaps, another source whence some 
exercise of m may be derived, namely the practical science 
lesson, especially where the pupils are required to suggest 
and fit up their own apparatus. 

The manual training centre can usually take only a 
limited number of pupils from any one school, and hand- 
work frequently plays but a minor part in the curriculum, 
especially for the brighter pupils, who are encouraged 
to work for academic scholarships to the secondary schools. 
There are still many schools in which the laboratory 
accommodation necessary for the type of science work 
suggested is lacking. Withal, even when these subjects 
are amply provided for, the m factor, as we have seen, 
enters only incidentally. In view of this it seems doubtful 
whether, in an age of mechanical invention, the special 
aptitude for this kind of work receives in our elementary 
and secondary schools the encouragement and scope it 
deserves. 

With the technical schools the case is, of course, different, 
since their curricula are designed to meet special vocational 
needs. We saw that m enters largely into the work of the 
R.A.F. School, Cranwell. But this school was an advanced 
institute in which the pupils were not only rigorously 
selected, but were also expected to reach a very high 
standard of efficiency. Possibly less ‘ingenuity ’ is called 
for in the work of junior technical schools, where, on the 
practical side, it is mainly directed towards developing 
skill in the use of tools by carrying out standard exercises. 
But here, again, much will depend upon the teacher's 
method of handling these subjects. 

Influence of ‘Selection’ on Technical Education. We 
have already referred to the.‘ creaming off’ of the best 
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pupils from the elementary to the secondary schools. 
This is usually effected by means of a scholarship taken 
at the age of eleven. Unsuccessful candidates and ‘late 
developers’ get another chance at thirteen. Trade 
Scholarships, tenable at trade and junior technical schools, 
are not ordinarily awarded before the age of thirteen. 
The aim of both types of scholarship is to select from 
among the candidates those of highest ‘ intelligence bet 
the case of Trade Scholarships there is, in addition to the 
‘intelligence ’ part of the examination (based on Arithmetic 
and English), a second part consisting of an examination 
in handicraft and drawing. Only those passing the first 
part are allowed to sit for the second, but candidates who, 
having failed in Part I, have previously shown themselves 
to possess unusual manual dexterity receive special 
consideration.* 

Now if, as our results show, m functions independently 
of g, we should expect to find it as equally distributed 
among those who pass into the secondary schools in virtue 
of their high g at eleven, or thirteen, as among those who 
fail to do so. It follows that only a limited proportion 0 
those pupils who possess a marked degree of m will enter 
for the Trade Scholarships, and some of these may be ruled. 
out through failing in Part I, while the secondary schools 
will get first pick as regards g. It cannot, therefore, be 
assumed that the technical schools draw the best talent 
for their particular kind of work ; they are, on the contrary, 
handicapped in this respect. 

It may, perhaps, be argued that the junior technical 
courses require less g than the secondary school course for 
boys of the same age. This will depend on the standard 
aimed at in each case, which in turn will depend on the 
mental calibre of the pupils. But if, as seems essential to 
the success of our great technical industries, the technical 
School boy is to carry his general education (including his 
knowledge of the more theoretical aspects of his technical 

1 We quote the practice of one of our largest education authorities. 
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work) as far as the secondary pupil, there appears no 
reason why any differentiation with respect to g should 
be made Again, it may be thought that the occupations 
into which the technical products will pass require less g 
than that which awaits the secondary school boys. But 
here we must compare the work of the former not with 
the higher professional work which those who stay in the 
secondary school beyond the age of sixteen to seventeen 
years may ultimately take up, but with that required in 
the junior posts which those leaving the secondary school 
at sixteen toseventeen tend to enter. No doubt a different 
mentality is required for the two kinds of work, but this 
difference appears to be one of special aptitude rather 
than of g. à 

When we come to the higher branches of technical 
training the influence of ‘selection’ seems to work in 
much the.same way as before. Thus, to take a typical 
case, pupils attending the central schools ? of one of our 
largest education authorities will not be recommended for 
anaward to a secondary school at the age of thirteen ' unless 
their ability is such that they are likely ultimately to 
profit by an advanced course in the secondary school ’, but 
these conditions are not laid down for technical scholarships. 
Pupils turned away from secondary schools on this account 
may compete for Junior Technical Scholarships, and, later, 
for Senior Technical Scholarships. And to take the case 
of a yet higher type of scholarship, the Senior Scholarships 
in Technology awarded to pupils over eighteen are only 
given to candidates who have already been in industrial 
employment, and have attended evening classes. These, 
then, are hardly likely to go to the ‘cream’ who, taken 


1 This might, of course, necessitate some reorganization of our 
technical schools and colleges, and in particular a closer relation 
between the work of the junior schools, the senior schools and the 
universities. 

2 Attended largely by pupils who have just failed to secure 
scholarships at eleven. 


174 MECHANICAL APTITUDE 


into the secondary schools by scholarships at eleven or 
thirteen, are of sufficient ability to profit by an advanced 
course of study there. The same tendency is observable 
in the universities, for. here the scholarships awarded in 
academic subjects far exceed in number those given in 
applied science and technology. This tendency to differ- 
entiate between the two types of pupil according to 
* intelligence ' appears, from our results, to err by assigning 
too small a part to g in technical work, and almost wholly 
neglecting m. 

It is not suggested that the best brains are only to be 
found within the scholarship group, much less that none 
of these find their way into engineering and other kinds of 
technical work. Genius will tend to find its proper channel 
despite the counter-influences which a well-meaning system 
might direct upon it. Neither is it maintained that the 
tendency to direct the best brains into academic rather 
than technical pursuits is restricted to the method of 
awarding Scholarships and other educational inducements. 
Custom and tradition will work in the same direction, and 
are, indeed, largely responsible for the present form which 
these inducements take. The technical side of education, 
being of comparatively recent growth, must needs take 
what it can get. But if the higher branches of engineering 
are to attract a larger proportion of men well endowed 
for this kind of work,! some better means of discovering 
the necessary talent, and of directing it into these walks 
of life, must be found. An important step to this end 
might be taken by so modifying our scholarship system 

! The need for this has been voiced, directly or indirectly, in 
several quarters recently: cf., for example, Sir R. Blair, '. . . yet 
British industries are languishing and, to give a relevant example, 
while the first marine engines were planned by Englishmen and 
While Parsons' turbines are still the foremost of that type of prime 
mover, continental firms have taken the lead with the Diesel engine, 
and Americans in the design and manufacture of machine tools.’ 


— Discussion on Conditions of Success of Technical Education, Brit. 
Association, 1925. 
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that—(r) the most intelligent pupils are not definitely 
selected at an early age for an ' academic ' type of educa- 
tion, but that, on the contrary, equal facilities and induce- 
ments to enter technical schools and colleges are held out 
whenever ' selection ' occurs, and (2) more rigorous efforts 
to discover and measure special aptitudes in the candidates 
(including, for example, not merely ‘manual dexterity ’, 
but also ‘ mechanical aptitude ’) are made, and differentia- 
tion between the two types of education is based largely 
on these rather than ong. At the same time some changes 
in the organization of our technical schools would be 
necessary. These would consist largely in: (т) modifying 
the curriculum of the junior technical schools so as to 
include a more liberal education for those likely to proceed 
under the new system to the senior technical schools and 
universities; and (2) establishing closer co-ordination 
between the work of the junior and senior technical 
schools, and between these latter and the universities, so 
that the best pupils of one grade may be more easily passed 
on to the next higher grade. These changes would have 
the further advantage of making passage from the secondary 
to the technical schools easier at any particular stage. 
The Use of ‘m’ Tests in Conjunction with School Examina- 
tions. We have seen that the subjects ordinarily taught 
at the elementary and secondary schools, which might, 
under certain circumstances, involve some degree of 
mechanical ingenuity, also depend on other influences, and 
in particular, on manual skill. Where, therefore, it is 
proposed to make some difference in the curriculum accord- 
ing to the special abilities of the pupils, or to guide them 
in their choice of studies or vocation, it would seem desirable 
to include as part of the school examination some such 
exercise as the M tests, in which the pupils’ ingenuity is 
more clearly measured. This applies especially to examina- 
tions for trade and technical scholarships where, seeing 
that the child’s future studies and vocation will turn 
largely on the result, the discovery and measurement of 
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special aptitudes is particularly important. The M tests 
provide a more reliable measure of this special ability than 
was obtainable by teachers' estimates, were less subject to 
the influence of ‘age’, and possess the further advantage 
of being objective.! As such they lend themselves to 
standardization. 

A group of these tests should also prove a useful adjunct 
to the examinations of the technical school, especially 
where it is required to differentiate the pupils with respect 
to the particular trade, or branch of engineering, they are 
to take up. Some notion of the extent to which ability 
at the tests is significant of ability at such examinations 
may be gained from their correlations with the ‘ passing out ў 
examination of the R.A.F. School, Cranwell (Table XIX). 
A candidate’s ‘ passing out’ grade is determined by the 
sum of the marks scored on both parts of this examination, 
namely the theoretical and practical examination in trade 
knowledge (T), and the examination in the (mainly) 
technical subjects (S) of the school curriculum, Reference 
to the details of the examination given in Chapter V will 
show that the combined score provides a particularly 
comprehensive and searching measure of the student’s 
ability to profit by this type of training. 

We may first inquire how far, an examination composed 
entirely of the psychological tests taken by these candidates, 
viz. E, M, A, I, A, is likely to serve as an index of success 
at the technical school course as measured by the above- 
mentioned combined score at the Passing Out Examina- 
tion. The answer is given by the correlation of the sum 
of these tests (in which equal weight was given to each) 
with T + S, which proves to be no less than -76. Seldom 
do school examinations correlate higher with themselves.” 
This figure also compares well with the correlations ordin- 


1 бее р. 106. 


* See, for example, the numerous correlations of this kind given- 


e B. D. Wood in Measurement in Higher Education, World Book 
0., 1923. 
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arily obtained between ‘intelligence’ tests and school 
examinations of the academic type. Thus, at Columbia 
College, where this question has been thoroughly studied, 
| nowhere did the correlation between the ‘intelligence’ 
| tests and the carefully worked out measures of ' College 
| Success ’ there employed exceed -672.! We should not, of 

course, expect perfect correlation between the psychological 

tests and the school examinations, even if-each of these 
i provided a perfect measure of its kind, for qualities of 
|i character, interests, and other influences which hardly 
| enter into the tests will go far towards deciding the school 

examination results. Indeed, it is in order to measure 
i innate ability in relative isolation from these other factors 
f that resort to the psychological tests becomes necessary. 
| The high correlation noticed above, together with the fact 
-that the group of tests occupied three hours while the 
Passing Out Examination took thirty, augurs well for 
their employment in this connection. 

Again, we may inquire how far each of the two kinds of 
tests, considered separately, agree with the Passing Out 
Examination. This is given by the correlation of (T + S) 
with the mechanical group (E; + M + A+) and with the 
‘intelligence ’ group (I + A;), respectively. The figure in 
the former case is -64 + ‘03, and in the latter 42 + 04. 
The ‘ mechanical’ group occupied one hour forty minutes, 
the ‘intelligence’ group one hour twenty minutes. The 
difference between the two coefficients is not due to the 
slightly longer time devoted to the ‘mechanical’ tests, 
since (Е, ++ M) alone, occupying only one hour, correlates 

|.7 -6o +03 with (T +S). It is obviously explained by the 
presence of m in both (T + S) and the * mechanical ' tests 
and its absence from the ‘intelligence’ tests. These 
figures again bring out the importance of considering m 
when selecting candidates for technical courses. 

The total score at the Passing Out Examination is but 
a blurred impression of the various factors upon which the 

1 As reported by B. D. Wood in Measurement in Higher Education. 
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successful pursuit of the three years' previous training must 
have depended. [Itis one of the aims of psychological tests 
to isolate as far as possible the more important of these 
and, by measuring them in relative independence, to present 
them in a clearer view—especially so with respect to innate 
abilities. In the present instance a step towards this was 
made in the examination itself, by having separate scores 
for the part which related more definitely to the practical 
side of the course, T, and that which aimed at testing a 
knowledge of the school subjects, S. Nevertheless, we 
have seen that T involves both g and m, to say nothing 
of other qualities upon which success at a lengthy technical 
course must turn. On the other hand, the psychological 
tests provide a means of measuring m in isolation from 


other factors, and this to a high and known degree of 
accuracy. 


: FOR INDUSTRY 

Four Kinds of Problem. The considerations to which we 
now turn are, of course, intimately related to those of our 
last section, for it is evident that any particular kind of 
technical education must take into account the problems 
oftheindustry whichitserves. The problem of discovering 
the mental factors involved in ' school work’ is obviously 
akin to that of determining those involved in various forms 
of work—the problem of vocational and occupational 
analysis. Similarly the problem of selecting pupils for 
special kinds of education is much the same, psychologically, 
as that of selecting applicants for special kinds of work, 
although it is convenient to distinguish the two by the 
terms ‘educational selection’ and ‘ vocational selection’, 
respectively. The latter, on the contrary, presents 4 
different problem from that of ‘ vocational guidance ', for 
Whereas in making a selection we have merely to estimate 
the applicants' fitness for a specific kind of work, in giving 
'guidance' we must consider the individual's chances of 
success in many different walks of life. The character of 
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the work with which the psychologist is concerned is also 
apt to differ in the two cases, being usually well defined 
‘occupations’ or ‘jobs’ where selection is required, but 
the more complex ‘ vocations’ where guidance is sought. 
A somewhat different problem is again presented by what 
may be called ‘ vocational placement’. This arises when 
a large firm, having already selected its employees, wishes 
to place them to the best advantage in its various depart- 
ments. Such differentiation between its personnel will 
frequently occur where it is found necessary to choose the 
workers according to the general requirements of the work 1 
and then to give them a certain amount of training in the 
special work of the department to which they are allocated, 
In so far as some scope for choice is possible, such a problem 
resembles that of vocational guidance, but in the restricted 
and clearly defined nature of that choice, it is closely allied 
to that of selection. While these four kinds of problem 
differ from one another in certain important respects all 
alike demand the recognition and measurement of the 
differences in mental make-up to be found among indi- 
viduals. One such difference, of an important and far- 
reaching character where engineering is concerned, appears 
to be the m disclosed in our results. 

Occupational Analysis. The analysis of the activities 
involved in various kinds of work is a necessary step 
towards solving the other problems mentioned above. 
On this work of analysis our results have an obvious and 
direct bearing, for by measuring the э of persons actually 
engaged in the work to be analysed, and determining the 
correlation of this with known ability at the work, we 
Should be able to see how far success at the latter depends 
on m. Since, for this purpose, a reliable measure of the 
Work is required, we can hardly hope to go, at present, 
beyond the more restricted kinds of work more aptly 
called ‘occupations’ and ‘jobs’. Yet in so far as these 

1 And also, perhaps, according to the condition of the labour 
market. 
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occupations enter into the wider ‘ vocations ', such analysis 
would constitute a step towards analysing the latter. 
Further light on the mental requirements of the vocations 
may be expected from a similar analysis carried out with 
respect to the activities involved in the training for these, 
as for example, in learning the various subjects required 
for an engineering degree. . 
Occupational Selection. The m tests would seem to find 
another direct use in the problem of selecting suitable 
applicants for those engineering occupations which are 
found to involve m. Such occupations may be expected to 
occur in every large engineering firm where mass produc- 
tion renders a fine division of labour possible and necessary. 
The mental requirements may vary considerably from one 
occupation to another within the same firm. Hitherto, 
attention has been chiefly focused on the motor and sen- 
sory aspects of this kind of work. While various forms 
of sensory activity and motor skill must obviously enter 
into the bulk of these occupations, a careful analysis may 
be expected to show that many also involve m. We have 
already noticed that even where the occupations may seem 
at first to be purely manual they may differ with respect 
to ‘ ingenuity '. Thus, the work of assembling or of tool- 
making appears to require more m than that of gauging ОГ 
machine-operating, and that of assembling a fairly com- 
plicated object like a typewriter more than that required 
to assemble a bicycle pump. It is possible, too, that in 
some kinds of work, such as assembling, the m factor plays 
a larger part during training than subsequently. ‘Where 
this is the case and, as often happens, the applicants have 
had no previous experience of the work, it seems particularly 
desirable to include some test of m in the psychological 
examination. К 
Distinguishable from the above-mentioned “ occupations 
are the engineering ‘ trades ’, for these cover a wider range 
of activities and demand more technical knowledge than 
the former. Consequently they usually require a lengthy 
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period of apprenticeship training. It was into work of 
this character that our R.A.F. students passed. As skilled 
‘mechanics’ they were expected to know the technical 
processes of their craft. For this type of worker selection 
will (or should) have already operated before and during 
the training period. The selection of such workers must 
depend largely upon their previous record and experience. 
At the same time, where a choice of applicants is possible 
and the trade demands m, the employment of psychological 
tests of this factor should prove an additional aid in 
selecting those most fitted for the work. Р 
Occupational Placement. We have suggested the term 

* occupational placement ' to indicate the distribution (or 
redistribution) of workers among the various departments 
of a firm in such a way that, so far as is possible, each 
member gets the work for which he is most fitted by nature 
and training. In this, the efficiency of the staff as a whole 
is the primary consideration. Consequently, not only the 
ability of the workers, but also the demands of the several 
departments must be taken into account.| This renders 
the problem more complicated than that of selection. 
The work of a large engineering firm may, by including 
many occupations and trades, afford scope for a wide range 
of mental qualities in its employees. To place the latter 
to the best advantage will usually necessitate a more 
extensive psychological examination of each individual 
than would be required in selecting applicants for any 
` single type of work. In view of our results, such an 
examination would seem to be very incomplete unless it 
took some account of m, and of the differences between the 
various trades—and sometimes even branches of the same 
trade 2—with respect to their dependence on this factor. 
1 With regard, for example, to the number of workers required 


in each, 

? Compare, for example, the work of the wireless operator with 
that of the wireless mechanic; that of the electrician with the 
work of the electrical fitter; and the various other branches of 


the fitter’s trade with one another. 
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Even in the placement of the professional engineer there 
appears no reason why tests of mechanical aptitude 
should not serve a useful purpose. A good example of 
such a problem is that studied by Dr. B. V. Moore, to 
which we referred in Chapter II. The main question here 
was to differentiate, in the case of a group of engineers 
who had received the same general engineering training, 
those most suited to become ' design engineers ' from those 
best employed as ‘ sales engineers’. Such а division would 
seem to turn largely on the amount of m possessed by 
these men. . 

Vocational Guidance. The factors upon which the choice 
of vocation rests are generally more numerous and coinplex 
than those presented for consideration in ‘selection’ ог 
‘ placement’. The scientific evaluation of these factors is 
therefore usually more difficult in the case of vocational 
guidance. At the same time its consequences for the 
individual and the nation are more far-reaching. In most 
Cases, vocational guidance will require a wider survey of 
the individual's natural endowments than is necessary in 

selection ’ or ‘ placement '; for whereas in either of the 
latter it is sufficient to measure the particular qualities 
required for a known kind of work, the former demands а 
view of the person's whole ‘ make-up’. As an important 
constituent of this, and one of great vocational significance, 
the m factor would seem, from our results, to call for 
recognition and measurement i 2 survey 
of this kind. ташуга 

With our present limited knowledge of vocational 
requirements such measurements have probably their most 
immediate application in providing a negative kind © 
guidance as to the sort of employment a person is decidedly 
unsuited for. The measurement of m should be directly 
Serviceable in this way by enabling a large number O 
engineering occupations to be definitely ruled out for those 
Who are clearly lacking in this aptitude. Where, on the 
contrary, a high degree of mechanical aptitude exists, 
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positive guidance into some branch of engineering which 

this would suggest must be given with caution since there 

are other factors besides эл to be considered—and notably 

among them, g. The question of technical knowledge and ' 
training must also be taken into account. The importance 
of coupling these with ‘innate ingenuity’ is clearly seen 
in the many attempts to invent perpetual motion where a 
little knowledge of the laws of mechanics would have saved 
a dealof mis-spent ingenuity. Such attempts have usually 
indicated a high level of mechanical aptitude. To these 
must be added those cases where, through the absence of 
a favourable environment, the latent aptitude in the child 
has remained for ever unexpressed. Is it too much to 
hope that vocational tests of m may in future discover at 
least some of this talent in time to direct it-into suitable 
channels for training, so that it may bear fruit more 
profitable to the nation and to the individual himself ? 


CHAPTER XI 
GENERAL SUMMARY 


Te EED for Research. Although frequent assump- 
tions concerning a ‘ mechanical’ ability and: 
its relation to other ‘abilities’ have been 

made, scientific evidence on these points, based on valid 
objective criteria, has been entirely lacking. The matter 
was deemed of sufficient importance for psychological 
theory and practice to warrant an investigation into the 
whole question as to the existence, nature and measurement 
of this so-called “ability '. 

2. Construction of New Tests. It was found necessary 
to devise and ‘ try out’ new tests. Those ultimately 
retained fall into four broad groups, viz, : (a) mechanical 
models, (b) mechanical completion, (c) mechanical expla- 
nation,’ and (d) mechanical diagrams. Their reliability 
proved to be generally high ; marked correlation was found 
between the various sub-tests constituting each test. In 
this, and other ways, they proved suitable as group tests. 
(Tables I-X.) i 

3. The Data, The new tests were given : (1) to 88 Com- 
merce Students, (2) to 114 Elementary School Boys, and 
(3) to 228 R.A.F. Mechanics. Estimates of ‘ingenuity 
and position in class at school examinations were obtained 
for the elementary school boys. The R.A.F. subjects also 
took Prof. Spearman’s ‘ intelligence ' test, the Air Ministry 5 
Mental Efficiency test, and the Air Ministry's Passing Out 
Examination, - 
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4. The General Factor—' g’. А certain amount of corre- 
lation was observed between all the various parts of our 
data. The results thus far support the theory of g. 

5. Existence of m. Our results further demonstrate the 
existence of another factor—a group factor running 
through those operations in which the subject is called 
upon to deal mentally with mechanical movements. This 
is best conceived (subject to further research) as a unitary 
factor, rather than as a number of independent factors. Itis 
a mental factor, operating always in conjunction with g, 
rather than a concrete ‘ ability '—һепсе we have preferred 
to call it m. 

6. Measurement of ‘m’. The method of measuring m has 
been indicated. The correlation of our tests, and certain 
other parts of our data, with m have been determined. 
"These provide an important check on the accuracy of our 
measures. It has been shown that a fairly high degree of 
accuracy should be attained by nine of the tests. 

7. Nature of ‘m’. Subjective analysis has shown that 
the processes involved in m are essentially of the eductive 
kind in which the correlates and relations are largely 
spacial in character. This, together with an examination 
of the test material, suggests that m is more akin to an 
innate aptitude than to an acquired ability. 

8. Bearing of Results. 

(a) On Psychological Theory. The results have a signi- 
ficant bearing on psychological theory. What has been 
called ‘ mechanical ability ’ or ‘ mechanical intelligence ’ is 
not opposed to ‘general intelligence’, both have g in 
common. Only in the sense that it involves a ‘ special ’ or 
“group ' factor (as opposed to the general factor) may we 
appropriately speak of a special ‘mechanical ability ’. 
The concrete ability is resolvable, in the light of our results, 
into: (т) the general factor, g; (2) the group factor, т; 
and (3) one or more factors ‘ specific’ to the particular 
‘ mechanical’ task in question. Similarly ‘ practical’ 
ability, and possibly also ‘motor’ ability, and certainly 
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“performance ' ability, call for closer analysis with respect 
to m and g. 

(b) On Educational Practice. The results also point to 
important corollaries relating to educational practice, and, 
in particular, to the importance of (т) making definite 
provision for the exercise of the mental processes underlying 
m, and (2) measuring, and taking into account, the pupil 5 
т when differentiation in the school curriculum is con- 
templated. 

(c) On Mental Testing in Industry. The results, finally, 
indicate the importance of m in industry, and suggest that 
the tests should find a valuable practical application in the 

_ Work of (1) occupational analysis, (2) occupational selection, 
(3) occupational placement, and (4) vocational guidance. 


APPENDIX 
I. TABLES 
TABLE I 
Series I (Commerce Students). Inter-correlation of ‘Models’ 
tests. 
Subject s. No. taken. Inter-correlation. 
Group І. до Ex-service men. . 4 *80 + -02 (ау.) 
Group II. ro boys, 16 girls, aver- 
age age 15 years 8 months. . 4 :87 + ‘or (av.) 
Group III. 12 boys, ro girls, 
average age 14 years 6 months 2 *63 + 08 
Group A. 22 boys of Groups II 
and III above . . 2 77 X '06 
Group B. 26 girls of Groups п 
andIIIabove . . E 2 +70 +07 
TABLE II 


Series II (Elementary School Boys). Average inter-correla- 
tion of the three ' Models ' tests. 


Subjects. Average Inter-correlatíon. 


Group IV. 36 elementary school 


boys, average age 12 years 11 months +75 +03 
Group V. 37 ditto, average SS 12 

years 5 months . . - 47 d 705 
Group VI. 41 ditto, average "age II 

years5months > - - . - - +52 4-05 
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Series II (Elementary School Boys). Correlation between the 
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TABLE III 


halves of the ' Models’ tests. 


Subjects. Ms- Me- Mz душен 

GroupIV . -74 + 706 | +73 + соб | -80 + +05 | +76 + 703 

Group V 65 + ʻ08 | -77 + :05 | -68 + соу | 70 + '04 

Group VI . . . | -64 + -07 | -65 + -07 | -77 4:05 | ‘69 + 04 

All subjects (114) . | -68 + -o4 | -72 + соз | -75 Æ -03 | -71 + '02 
TABLE IV 


, Series II (114 Elementary School Boys). 


Test M, (' Models ’). 


Inter-correlation of sub-tests. (Dec. points omitted.) 
a b c d e f 8 
a 27 4I 46 50 40 44 
b 45 31 28 38 35 
с 41 45 52 39 40 43 
d 46 31 52 41 43 37 
е 50 28 39 4ї 29 25 
# до 38 40 43 29- 29 
B 44 35 43 37 25 29 
Ate me 034.7 43 — 42! 35 37 .. 30 


Series II (114 Elementary School Boys). Test M, (‘ Models ’)- 


Average of 63 coefficients = -38. 
All coefficients over -29 exceed 4+ p.e. 


TABLE V 


Inter-correlations of sub-tests. 


(Dec. points omitted.) 


a b c d e f g h 

E SEE CEN vij. Eve ey qz 28 
b 38 49 зо зг 44 44 48 
с 27 до БӨС 255. 246 50 25 
d 28 зо 59 42. 120 aah Ed 
СЗ STRE 556072 585 ME) c eed 
f; 3o 44 46 41 58 48 52 

БАА болы 44 8 
h 28 48 28 34 28 ES 45 2 
AYIUONU-E3O — 44 ДӨ AY 46 42 38 
Average of 84 coefficients — 40. р 


All coefficients over *29 exce 
7 


ed 43 p.e. 
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TABLE VI 


Series II (114 Elementary School Boys). Test М, (‘Models’). 
Inter-correlation of sub-tests. (Dec. points omitted.) 


a b c d e Í g h 
41 30. 56б 125 (2733. 1449 28, 


а 

b 41 49 54 22 32 44 24 
c 36 49 46 25 46 45 32 
d 56 54 46 15 43 46 23 
е 25 22 25 15 19 05 39 
ИЗЗИ 32 лб 213 e 19 AT E35 
E 44 44. 45 46 05 47 35 


2020824. 82232. 1212391230 98055808235 


38 40 40 20 36 38 30 


> 
s 
w 
со 


Average of 84 coefficients = +35. 
All coefficients over :29 exceed 4% p.e. 


TABLE VII 


Series II (114 Elementary School Boys). Test E, (‘ Mechani- 
cal Explanation’). Inter-correlation of sub-tests. (Dec. 


points omitted.) 
a b с а е 


а 32 42 27 44 
b 32 49 50 33 
© 42 49 50 37 
а 27 50 50 26 
e 44 33 37 26 


Зо TE HR IR SERE I ЖЕЗ» 


Average of 30 coefficients = :39. 
All coefficients over :29 exceed 4h p.e. 
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TABLE VIII 


Series II (114 Elementary School Boys). Test C (' Mechani- 
cal Completion’), Inter-correlation of sub-tests. (Dec. 
points omitted.) 


a b c d e fi 


a 40 44 52 31 39 
b 40 36 63 28 52 
€ 44 36 52. 49 49 
d 52 63 52 40 51 
ОЗДУ, 28. 40. 40 66 
E9152 49. Бі 66 


AVAL 44 46 52. 43 «зт 


Average of 45 coefficients — *46. 
All coefficients over -29 exceed 4% p.e. 


TABLE IX 


Series I (Commerce Students). Test D (‘ Mechanical Dia- 
grams’). Group II, Inter-correlation of the sub-tests. 
(Dec. points omitted.) 


a b c d e f 


а Ales Soi КАБ su Bo c го 
b 74 65 EST со, 
c. 72 65 41 8о 51 
а 45. 34 4r 6555075 
е 80 бо 8о 65 56 
f 


Co Жек М 5 75, 9756 
Av. 66 56 62 52 68 58 


Average = -66. All coefficients over +49 exceed 4j p.e. 


— —ü rt 
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TABLE X 
Reliability of tests compared. Correlation between ' halves '. 
T m 
Series I 
(Commerce ' Explana- | * Comple- ' Dia- 
Students). ‘ Models,’ tion.’ tion.’ grams.’ 
GroupI . . . | ‘80 + :о02 | 55 + :06 — 7ї 4:05 
GroupII . . . | -87 + ої | :52 + :07 — 76 + :06 
Group III . . . |63 + :08 | -63 4 ʻIo — — 
Average . . . | °77 4:02 | 56.3: 04 — 74 4:04 
Series II 
(Elementary 
School Boys). 
GroupIV . . ~. | +76 + +03 | 48 + ʻIo | -64 + 08 | 45 + ло 
GroupV . . . |70 +04 | :59 + :08 | :81 + 05 | :54 + 09 
Group VI . . . | :69 + :04 | 54 +09 | "59 + 08 | -44 + ло 
Average ... . | +71 4:02 | +54 +05 | 68 + +04 | "48 + -06 
Р TABLE XI 


Inter-correlation between the tests. Group I (Commerce 
Students). (Dec. points omitted.) 
M, M, M, M, E, E, EC D K 


M, 82 57 75 79 89121 

‹ А м, 67 64 77 66 54137 

EIE м; 83 51 58 62 87 |26 

М, M 52 62 б 59|33 

‘ 0 Е 52 78 45 70|16 

Explanation im 62 78 |а 

‘Explanation’ and 

‘Completion ’ EC 61 45 6r 54|28 

' Diagrams’ D 59 70 64 54 50 
* Knots’ K 33 16 23.28 50 

Average 

UE Зо 70 71 бу 69 68 бг 68 


excluding K 
All coefficients over -41 exceed 44 p.e. 
Average of square ‘M’ = -69. 
К v. rest к= :29. 


m » 
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TABLE XII 
Inter-correlation between the tests. Group II (Commerce 
Students, ro boys and 16 girls, average age I5 years 
8 months). (Dec. points omitted.) 
Mes M, M, E, E. EC D) KEC 


M, 79 96 84 69 73 8r 72| o6 27 
M, |79 84 88 82 75 83 65 |—10 23 
M, |96 84 90 78 74 82 67 |—o9 26 
M, |84 88 go 79 69 77 71-12 426 
Ei |69 82 78 79 M {о 78 s4| 0913 
E. 73 75 74 69 70 7з. $5 дй 
EC |8r 83 82 27. 77873 бо |—09 о 
D |7 65 67 7 54 45 60 o8 19 
K |об —10 —og9 —r2 p09 об —og 08 37 
G |27 23 —26 25А;3 26 08 19 37 
Ау. М-р 79 79 82 80 73 68 76 62 |—or 21 


АП coefficients over 43 exceed 4} p.e. 
Average of M = -76, 
Average of A = ‘то. 


TABLE XIII 


Inter-correlation between the tests. Group III (Commerce 
Students, 12 boys and то girls, average age 14 years 
6 months). (Dec. points omitted.) 


M, M, E, EC К 


Average of M = :68. 
Average of K v. rest = :44. 


All Coefficients Over +5 exceed 4} p.e. 
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TABLE XIV 
Inter-correlation between the tests. Group A, 22 boys of 
Groups II and III ‘pooled’. (Dec. points omitted.) 
M, M, E, EC Е 


M, 7708572 20541 1537 

M; 77 59 66 38 

Е, 72 59 М 77 17 | Average of M = :73. 
EC 8422.66, 177. 28 Average of K v. rest = -30. 


К | 37 38 17 28 


TABLE XV 
Inter-correlation between the tests. Group B, 26 girls of 
Groups II and III ' pooled’. (Dec. points omitted.) 
М. "МЕ ЕС „Ё 


M, 70 бо 75 |—06 
M; 79 51 64 28 
E, бо 51 M 54 23 | Average of M = 62. 
EC 75 64 54 —o7 | Average of K v. rest = -1o. 


К |—o6 28 23 —07 


TABLE XVI 
Inter-correlation of M tests and School Examinations.—114 


Elementary School Boys. (Dec. points omitted.) 
ММ, М, ES Ср X ERRARE 


Ms 53 63 зг 49 44| 15 19 16) o2 

M, | 53 58.. 27°) 51 037, т> 08 12|—02 

M M,/63 58 M 36 56 55 20 18 25|—02 
Tests. |E,|3t 27 36 so 45 | 25 17 33|—e7 
C |49: 5r 56 50 43 | 19 13 22|—07 

D |44 ЗУ 550045 43 17 27 14|—03 

School Г: 19 12 20 025 9 17 40  60|—16 
Bain] X, ТО ОВ зт сз 0272 ао E 42] оў 
ations. (X;|16 12 .25 33 22 14 60 42 —12 

—07 —07 —03 |—16 07—12 


Age |02 —o2 —02 
All coefficients over :26 exceed 44 p.e. 
Average of M group = '47. 
B EN» —u^ 
„М v. Ec--19. 


D 
» 


» 
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TABLE XVII 


Inter-correlations of M tests, estimates of ' ingenuity 5 o 
(т) on woodwork and (2) on technical drawing, al 
school examinations. Influence of ‘ age ee 
from ‘ woodwork’ and ‘ drawing’. (r ‘age’ v. wood- 
work = +14, 7 ‘age’ v. drawing = -18) 59 Elementary 
School Boys. (Dec. points omitted.) 


MEME M Ес D W руха 


M, 57 73 2646 29/27  28]|o6 
М, | 57 66 31 55 48 |47 5ІјІІ 
м м, (7з 66 М 4656 78|4o A 35|:: 
Tests Е,|26 зт 46 62 s4|41 54 | 12 
С |46 55 56 62  5r|s9 48 |24 
D |29 48 78 54-51 45 49 | 12 
Woodwork W 27 47 40 A 41 39 45 84 %B 
Drawing Рг | 28 51 36 54 48 49 | 84 22 
School (X,'o6 тї II 12 24 12|06 22 
Examina- fx: o1 —o2 — 06O —os оў 12| 12 —18|48E 
tions Xibor 17 17 32 26 11/17 29|56 
All coefficients over "35 exceed 44 p.e. 
. Averages : 
M group = +52, E group = 43. 
M , у. Е group = 11 rectangle C. 
M , v. woodwork and drawing = 42. ,, A. 
E 


» V » » nO Ec IE B. 


» 
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TABLE XVIII 


Inter-correlations of M tests, Teachers’ estimates of 'in- 
genuity ’ based on (1) home handicraft (H) and (2) school 
handicraft (S), and school examinations (X). Influence 
of ‘age’ eliminated from H and S. 36 Elementary 
School Boys (Group IV, average age 12 years 11 months). 
(Dec. points omitted.) 


MsM.M, CD H S X, X; X, Age 


M, 73 83 47 69 38 | 25 33 | 2611 25 |—06 
М, | 73 70 27 62 44 18 08 07 06 20|—06 
M M, 70 43 68 60 35 A39 16 08 25 | —07 
Tests E, 43 M 46 43 47' 48 | 40 29 28 09 
Cc 68 46 55 48 26 28 00 29|—05 
D бо 43 55 49 19| 3143 11 | —05 

H 7 48 4 27 |—ol 14р —09 

5 AAA 36 m 27 20 Boe 


16-' 40 28 31 |—o1 20 
o8 29 oo 43 мВ:о 
25 28 29 11 |—09—01 


Examina-4 X, 


School (Xi 
tions xg, 


All coefficients over +43 exceed 4+ p.e. 
Averages. Square M = +55 (M tests). 
Rectangle E = :37 (School Examinations). 
А = :32 (M tests v. Н and S). 
В = оў (Exams. у. H and 5). 


14 
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TABLE XIX 
Inter-correlations of M tests, Air Ministry’s Tests, ‘ Intelli- 
gence’ Tests and Passing Out Examination (R.A.F. 
School) Parts I and II. (Dec. points omitted.) 228 
Trained Mechanics. 


E; MU Ar T MIA 


M Е, 

Tests T ae 

Pt. I, Air Ministry Test A, 
Trade Knowledge T 
‘Intelligence’ I 

Tests A, 


Technical Subjects S 


All coefficients over +20 exceed 41 p.e. 
Average of А = -43. 
» » B= 27. 


TaBLE XX 
Coefficients of ‘ intellective saturation ', ie. correlations with 
g. Data from 114 Elementary School Boys. 


M Tests. Examinations. 
Ум = 724 Tg, = '36 Jy, = 770 
Ty = *15 Yo = "26 Tzs = "59 
Ум = *30 fop = ‘22 Vibe) 


AVerage Уаш v, о 7026 
n YEzaminations v. g= `б9 
TABLE XXI 


Coefficients of ‘intellective saturation ’ ie. correlation with 
&. Data from 228 R.A.F. Mechanics. 


‘Mechanical’ Group. ' Intelligence.’ 
Veg = 41 Улы = `57 fu — 73 
Tu, = :36 Уто = 732 fag = OI 

(rg, = +63) 


Average Уш v. „== 4 


» V tntettigence v. g = O7 
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TABLE XXII 


‘ Specific ’ Correlation, i.e. correlation remaining after influ- 
ence of g is eliminated from Table XVI. 114 Elementary 
School Boys. (Dec. points omitted.) 

M, мом E. QF D X 


M; 51 бо 25 46 41 |—03 
M,| 51 57 23 49 35| o2 
M M, 60 57 28 2 52 |—02 
Tests E| 25 23° 28 45 4 00 
С 46 49 52 45 40 | от 
Di) мт 35 52 4t 40 02 

School (X,|—o3 02 —o2 оо ог о? 
Examin- fx: об оо оо —06 —03  17|—o2 
ations X,|—o4 оо оз 09 оз —05| 13 


All coefficients over -26 exceed 4} p.e. 


TABLE XXIII 


' Specific ' Correlation—the ' Models ' tests (M) of Table XXII 
averaged. (Dec. points omitted.) 


М (гуд hye Fee о 


М (ау.) | [56] 25 49 43| —or 02 оо 


м Е, 25 45 41] оо —o6 оо 

Tests [9] 49 45 40 OI —03 o3 

D 43 41 40 02 17 —05 

School X; —or оо ог 02 —02 13 

Examinations fx; 02 —06 —03 17| —o2 —07 
X; оо 09 03 —05 13 —07 
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TABLE XXIV 


' Specific ' Correlation, i.e. influence of g elimited from Table 
XIX. 228 R.A.F. Mechanics. (Dec. points omitted.) 


ESM A; T T ASIN 


Е, 39  3r«29| 13 08 
Ў en M 39 31 32|—14p!4 
Mechanical А, 31 31 A 32| —o8 B oo 
D 29 32 32 оў 06 


13 —14B—98 оу —06 


‘Intelligence’ { n eod 


A, 


Subjects S 


S 


All coefficients over -20 exceed 4} p.e. 


TABLE XXV 


Correlation with m. The M tests taken by 114 Elementary 
School Boys. 


Paim = 768 Yem = 746 
Умол = '65 Жы. = "72 
Ум = *79 Yom = 763 


Average = -66. 


TABLE XXVI 
Correlations with m. Data from 228 R.A.F. Mechanics. 


"gy, = *58 Trade Knowledge ry, = '58 
M Tests (Passing Out Exam.) 
Tag, = 164 Subjects Yam = 759 
(Passing Out Exam.) 
Pt.I. Air Ministry's Test Yan = 749 


Average = :58. 


mmn de, —— —— 


dinde. = 
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П. FURTHER ILLUSTRATIONS OF PROCESSES 
INVOLVED IN THE m TESTS 


A. CASES FROM ' MopELs' TESTS 


(x) Cases where the method is badly applied. 

The importance of the eductive processes in what we have 
called ‘ applying the method’ is further brought out by those 
cases where the ‘method’, although in general correct, is 


badly applied. The following cases illustrate this :—Buttons 
A and B (Fig. 13) are worked up and down their slots by a 
to-and-fro movement of H. The pulleys and strings con- 
stitute the subject's ‘method’. It is evident that while the 
underlying idea is sound the detailed application is faulty 
largely through failure to educe the correct space relations 
between the various strings and handle. 

A and B (Fig. 14) are buttons which move along parallel 


slots. Where one button is pushed along the other moves 


in an opposite direction. Here, again, the method, that of 
pulleys and strings, is satisfactory, but owing to weakness in 
cognizing the necessary Space relations between the move- 
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Fic. 14. 


ments of the strings and those of the buttons (and hence the 
shape of the strings) it is faultily applied. 

(2) Cases where the ' linked’ items ave not initially in contact. 

We consider here the processes involved in 'testing the 
method ' in the case where the items are so linked that they 
are not in contact when in their initial positions. Fig. 15 
ilustrates a case in point, where R is the ' operating ’ rod, 
S the ‘ operated’ rod. It is required to cognize how S will 
move when R is pushed in the direction of the arrow, the two 


R 
QJ 
1 5 
FIG. 15. 


rods working in the same plane. This case differs from that 
already considered only with respect to step (2). for here the 
space relation between the two items at the time of the initial 
thrust of one upon the other is not given in the presentation. 
It can, however, be readily educed when the position of the 
operating item R at this moment is known. This position 
is itself educed, as a correlate, being known to be that position 
which R occupies at the moment it comes into contact with 
the ‘ operated’ item S. Having cognized this position, the 
rest of the task can proceed as before. 

(3) Case of * Compound ' Linkage. 

The case of ‘ compound ' linkage differs from that of simple 
linkage only in being more complex. Fig. 16 will illustrate. 


APPENDIX дай 


Here the simple link A is linked to, and operates, the complex 
link B-C. It is required to determine how A, B and C will 
move when the end у of A is moved in an anti-clockwise direc- 
tion. As before, steps (1) and (2) are carried out with respect 


Fic, 16. 


to the ‘ operating ' item, what must ensue in C is determined 
by pivot q, and known by reproduction. The kind of move- 
ment in B, determined by Y, is similarly known. Whence it 
is seen that when y moves, p maintains a constant distance 
from q and Y. From this known constant relation (* dis- 
tance’) of p to v and q, the correlative positions through 
which p must pass, as 7 moves (g being fixed) are educible ; 
and from this known space relation of Y to p, the correlative 
position of Y, as p moves, may be found. Hence the correla- 
tive positions through which A, B and С must pass as 7 moves 
are known. The whole movement will be cognized as ' pos- 
sible’ so long as the resulting position into which 7 moves is 
such that a correlative position of p at the necessary distance 
from v, q and x may be found. 


В. ANALYSIS or ' MECHANICAL EXPLANATION ' TESTS 

The solving of the ‘ mechanical explanation ’ test falls into 
two stages, viz. (1) making clear the nature of the various 
parts of the depicted mechanism and (2) determining how 
certain parts move when other parts are ‘ operated ’ in a given 
way. , . 
First Stage. То make clear the meaning of the diagram 
the subject must (a) read the description, (b) refer the names 
of the items mentioned to the correct letters in the diagram, 
and (c) regard the parts of the diagram so lettered as the 


concrete object whose name it bears. 
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The descriptions were given in simple non-technical lan- 
guage and the objects employed, such as ‘ string’, ‘rods’, 
“wheels ’, etc., were of a kind known to all subjects. They 
were read over with the younger children, while older subjects 
were invited to ask for explanation of any doubtful word or 
phrase. The various parts of the mechanisms employed 
were shown in outline in the diagram, and no technicalities 
were involved here. In carrying out (c) above it was not 
necessary to visualize, or even to conceive the objects in all 
their concrete detail, for the spacial characters and relations 
about which the subject was called upon to think were given 
in the lines of the diagram—these lines themselves provided 
the material for thought. It was necessary, however, to 
associate with the lines such simple properties of the objects 
they represented as entered into the problems—to remember 
that this line (a ' rod ’) was rigid, that line (a ‘ string ’) could 
be twisted about, that circle (a ‘ wheel’) could turn, etc. 
We found that quite young children could do this.? 

With one reservation, the work of this stage does not appear 
to involve those processes which seem specially associated 
with the m factor, but depends rather on general mental 
development and ‘ intelligence '—influences reduced to а 
minimum by the homogeneity of our groups and the precau- 
tions as regard ' training ’ already mentioned. Judging from ; 


sufficiently complex to render the description itself difficult 
to follow. Here the diagram and the description help each 
other out, and in so far as this Occurs, the aid derived imme- 
diately from the diagram will depend, in large measure, on 
those processes which Seem directly connected with the m 
factor.? 

. Second Stage. Here the subject is called upon to do pre- 
cisely the same kind of work as in * testing the method ’ in 

* Much younger children than any of our subjects were able to name 
Various parts from merely seeing such diagrams. A girl of 3} years was 
able to point out ‘string’, ‘wheel’, and what she called ‘ scales ’, etc. 


z Such a case is provided in the ‘mechanical diagrams’ test, and is 
considered more fully in that connection (page 204). 
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the models test.! In both cases the resulting effect on a 
series of linked items when one of their number is operated 
in a given way must be cognized. The analysis of this opera- 
tion has already been given with respect to the ' models’ 
test. The two cases differ, of course, with respect to the 
degree of knowledge of the various parts of the mechanism 
with which the subject approaches his task, and his ultimate 
object in ' testing ' them, for in one case he is inquiring into 
the working of a mechanism of his own devising with a view 
to seeing whether it works as required, in the other into one 
that someone else has devised, with a view to seeing how it 
works. 


! C. ANALYSIS OF ‘ MECHANICAL COMPLETION ' TESTS 


What has been said with regard to the first stage of the 
'explanation' tests applies to this test also, the problem 
being presented here, as in the former test, by means of a 
diagram and description involving simple notions with which 
all subjects would befamiliar. In sofar as any special ability 
enters into this initial task of making clear the problem, it 
would seem to reside in a readiness to keep in mind those 
same spacial characters and relations of the various parts 
depicted in the diagram which we have already had occasion 
to examine, and by means of which meaning and reality is 
given to the otherwise empty lines. Such special cognitive 
ability, however, hardly appears to enter to any appreciable 
extent in the relatively simple diagrams we employed. 

The important work lies in solving the problem. Here the 
subject is faced with the same kind of question as in the 
‘ models’? test,—how to devise a mechanism to fulfil some 
definite purpose. Consequently the work follows a similar 
course and involves the same cognitive processes as we have 
already examined. The two tests, however, differ with 
respect to the general setting of the problem, for the * models ', 
although made of concrete material, deal with relatively 
abstract movements, while the ‘completion’ tests are con- 
cerned with concrete problems, such as the moving of trolleys, 
the turning of wheels, the putting on of brakes, etc. Hence 
considerations regarding the practical suitability of the links 


1 See page 152. 
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employed are more likely to arise in the latter test and to 
determine the choice of method. But these are of the simple 
“everyday ' kind needing no technical knowledge. 


D. ANALYSIS or ‘MECHANICAL DIAGRAMS’ TESTS 


First Procedure. The mental work falls into two parts, 
viz. (1) making clear the nature of the various items con- 
stituting the mechanism depicted in the diagram,! and (2) 
determining the particular function of these items. But these 
hardly form distinct stages on account of their close inter- 
dependence. This arises from the fact that the knowledge 
involved in (1) must be gleaned entirely from the diagram, 
there being, in this test, no accompanying description, and 
such knowledge is derived not only from the shapes of the 
items themselves, but also from those relations between them 
which determine their function, as cognized in (2): what 
any particular part is intended to do is a clue to what it is 
intended to be, and vice versa, An interesting case of this 
was provided by the infant girl of 34 years already referred 
to? Asked what one of the parts in a diagram was, she 
replied, ‘a wireless’, Obviously from its resemblance to а 
basket coil which she had seen her brothers making some 
time previously. Had she been able to see its functional 
relation to the other parts of the diagram, and particularly 
its relation to the String which passed round it, she would 
have known it to be a wheel? The same fact came to light 
in the introspections and in the observations of other children 
to whom the diagrams were shown. It is evident from the 
former that when first presented with the diagrams it was 
a natural impulse to consider how the mechanism as a whole 
functioned, while the children—especially the weaker ones at 
this kind of test—were apt (wrongly) to decide, from its 
general appearance, what it was ‘ for ’, before they had really 
Seen how it worked. 


/ ^ Not their technical names or properties, but merely whether a * wheel f 
Pipe’, ‘rod’, etc. 
? In the footnote on page 202. 
? That the failure was not due to inability to cognize ‘ wheel’ as such 
was shown by her success at poin ting out wheels represented by precisely 
similar outlines when asked to do so. { 


ncm- -—á 
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h Briefly, the cognitive work involved in (1) consists in cogniz- 
ing the shapes of the various items, and the space relations 


. between them, together with reproductive knowledge of how 


simple objects like rods and wheels respond to force. After 
having decided on the nature of the parts, the work of (2) 
follows the same course as that of ' testing the method 'in 
the ‘models’ test, and stage 2 of the ‘explanation’ test: 
the correlative movements set up in the other links when the 
operating item moves must be educed. But as the other 
items are not described in the presentation, there tends to 
remain some element of doubt as to whether they have been 
rightly cognized, until both the item and the movement it 
is thought to carry out fit together satisfactorily—a feature 
which leads to the cross-reference between (т) and (2) to which 
we have referred, and which is absent in the other tests. 

Second Procedure. In this procedure, found necessary with 
the younger elementary school groups, the names of the 
various items forming the mechanism were enumerated by 
theexperimenter. This had the effect of simplifying the task, 
the knowledge sought in (1) above being largely given in 
these names. The test, as then presented, tended to be more 
like the ‘ explanation ' test, though not entirely so, since this 
verbal enumeration of parts did not provide so full a descrip- 
tion as was given in the latter test, and left a certain amount 
of the work of (1) to be done by the subject. The effect of 
this change in procedure was to give the children—who found 
the first procedure too difficult—something more definite. to 
go on, thus leaving less room for guess-work and so securing 
greater reliability. 


ТП. METHOD OF DETERMINING THE CORRELA- 
TION OF A TEST WITH m (fam) 


me as that employed by Spearman 
for determining the correlation with g. Let fj, Vac "se be 
the specific inter-correlations between three m tests, i.e. the 
correlation which they have with each other on account of 


differed in type; bearing in the diagrams test, a 
al mechanical apparatus. 


The method is the sa 


1 The diagrams, too, 
closer resemblance to 1€ 
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m, the influence of g having been eliminated by Yule's method 
of partial correlation. Then by Yule's theorem, 


ат = (Yes — Yam+Vem)/(I — 7) І — [A 


By assumption, 7,,,, = o, hence Tas = Yom: Vim 
Similarly, taking ¢,,.,, and ыы, Yao =. fam s Yem 
Уы = Yim Y. 


ст 
Ву multiplying the first equation by the second, dividing by 
the third, and taking the square root of each side,— 
Yam = (У.У / 7), and similarly for 74, and Yen- 

‘Other determinations of ,, may be obtained by taking as 
b and c every other available pair. To get the most probable 
value of r these determinations are averaged, either arith- . 
metically, or by the following more reliable method :— 

2 TYabtTae — Yanr-Yad _ Var Vay 


am 


КА Toa Yzy 
Yar-Yac + Yas Ya H -+ Var Yoy 
Tc tra... dr, 


Determinations for Vom Vem, Etc., are made in a similar fashion. 


«2 


Ана вео a 


————— 


' Frankel and Fleischer. 
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